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Abstract 


The  main  focus  of  this  thesis  effort  was  to  develop  a 
means  to  estimate  the  capacity  of  the  test  range  complex  at 
Eglin  AFB,  Florida.  For  the  purposes  of  this  study,  test 
range  capacity  was  defined  as  the  maximum  number  of 
missions,  of  a  given  set,  that  could  possibly  be  supported 
by  range  resources  on  any  given  day.  In  trying  to  determine 
this  number,  the  complexities  of  the  overall  multi - resource 
constrained  scheduling  problem  dictated  a  more  practical 
approach  be  taken  in  modeling  the  allocation  process  of 
range  resources  to  test  missions.  Therefore,  a  series  of 
three  single -resource,  0-1  integer  programming  models 
depicting  the  allocation  of  Test  Wing  aircraft,  radars,  and 
range  area  resources  were  developed  to  produce  an  upper 
bound  estimate  of  the  range  capacity  for  a  given  set  of 
missions.  In  actual  testing,  the  Range  Area  Allocation  Model 
produced  some  poor  results  and  therefore,  cannot  be  used  in 
its  present  form.  However,  both  the  Aircraft  and  Radar 
Models  appear  to  produce  legitimate  upper  bounds  on  range 
capacity  in  all  cases.  Nevertheless,  to  insure  the  goodness 
of  these  two  models  further  testing  is  recommended.  In 
addition,  a  single  model  depicting  the  allocation  of  these 
two  resources  and  possibly  several  others,  should  be 
developed  in  order  to  better  estimate  range  capacity. 
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ESTIMATING  TEST  RANGE  CAPACITY 


1.  Introduction 


1 . 1  Background 

A  number  of  Department  of  Defense  (DOD)  test  ranges  are 
located  on  various  military  complexes  throughout  the  United 
States.  A  wide  variety  of  military  systems  are  tested  and 
evaluated  within  these  specially  designated  tracts  of  land, 
water,  and  airspace.  One  of  the  largest  facilities  is  operated 
by  the  Air  Force  Development  Test  Center  (AFDTC) ,  located  at 
Eglin  AFB,  Florida.  AFDTC  manages  test  ranges  that  encompass 
over  86,000  square  miles  of  water  in  the  adjacent  Gulf  of 
Mexico  and  over  700  square  miles  of  land  in  northwestern 
Florida  (4:1-1).  A  multitude  of  non-nuclear  munitions, 
electronic  combat,  and  navigation  and  guidance  systems  are 
tested  and  evaluated  each  day  within  this  expansive  test  range 
complex . 

The  organization  at  Eglin  AFB  responsible  for  managing 
the  overall  test  and  evaluation  program  for  AFDTC  is  the 
3246th  Test  Wing  (TW)  .  In  performing  this  task,  the  TW  is 
outfitted  with  a  variety  of  aircraft  and  highly  instrumented 
ground  facilities  that  must  be  coordinated  for  use  to  perform 
major  tests  on  or  above  Eglin' s  ranges.  One  of  the  TW's 
primary  functions,  therefore,  is  to  efficiently  manage  and 
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schedule  these  assets,  along  with  Eglin's  test  ranges,  to 
support  a  variety  of  requested  tests.  Each  test,  referred  to 
as  a  mission,  may  require  the  use  of  several  ranges  and 
facilities,  along  with  other  resources  such  as  instrumented 
aircraft,  drones,  high-powered  radars,  cameras,  telemetry 
frequencies  and  airborne  electronic  countermeasure  equipment. 
Also,  one  of  a  number  of  mission  profiles  or  scenarios 
providing  the  necessary  flight  and  altitude  tracks  needed  to 
conduct  a  particular  test,  is  normally  requested  in  addition 
to  the  above  resources.  As  many  as  100  missions  are  requested 
on  any  given  day.  Hence,  wirh  nearly  500  mission  profiles,  a 
vast  array  of  test  ranges  and  facilities,  and  the  availability 
of  over  1000  resources,  the  TW's  scheduling  and  coordinating 
task  is  enormous  and  quite  complex  (4:1-2). 

1 . 2  The  Scheduling  Process 

The  Range  Scheduling  Division  (DOS)  of  the  3246th  TW,  has 
the  primary  responsibility  for  scheduling  all  missions 
conducted  within  the  test  range  complex  (2:1).  One  of  their 
main  objectives  is  to  accommodate  as  many  test  missions  as 
possible  on  any  given  day.  With  the  aid  of  a  computerized 
scheduling  tool,  the  Resource  Scheduling  and  Operational 
Management  System  (RESOMS),  they  first  sort  through  and 
prioritize  the  various  test  mission  requests  before  manually 
developing  a  single  day's  schedule  (21).  In  this  manner 
they're  usually  able  to  schedule  the  bulk  of  the  daily  test 
missions  requested. 
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1.3  Six-Day  Scheduling  Cycle 

Each  day's  schedule  is  preceded  by  a  six-day  process  in 
which  mission  requests  are  first  submitted  by  test  engineers, 
sorted  by  type  and  mission  priority,  reviewed  by  several 
committees,  and  then  wrung  through  a  complex  resource 
allocation  process  in  which  alternate  resources  and  mission 
times  are  considered  when  scheduling  conflicts  exist  between 
missions.  If  such  conflicts  are  unresolvable,  missions  with 
higher  priority  take  precedence.  This  process  continues  until 
all  missions  requested  for  a  particular  day  have  been 
reviewed,  and  are  either  scheduled  or  placed  in  a  non- 
scheduled  stand-by  status  in  case  a  higher  priority  mission  is 
canceled  (21) . 

During  this  six-day  cycle.  Backup  and  Alternate  Test 
Missions  may  also  be  requested.  A  Backup  Mission  is  identical 
to  a  previously  scheduled  primary  mission  that  is  requested 
"to  ensure  that  a  mission  is  already  in  the  scheduling  cycle 
to  replace  the  Primary  Mission  if  it  is  canceled"  (1:22). 
Backup  Missions  are  usually  requested  one  or  two  days  after 
the  primary  is  to  be  conducted  (21).  An  Alternate  Mission,  on 
the  other  hand,  is  a  mission  that  uses  the  same  range 
resources  as  a  Primary  Mission  scheduled  on  the  same  day.  In 
the  event  the  Primary  Mission  cancels,  the  Alternate  Mission 
is  ready  to  use  the  Primary  Mission's  allotted  resources  for 
its  own  test  purposes  (1:22).  Alternate  Missions  differ 
significantly  from  Backup  Missions  in  that  they  depend  on  the 
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scheduling  and  subsequent  cancellation  of  an  associated 
Primary  Mission  in  order  to  be  accomplished  (1:22). 

Range  schedulers  spend  a  considerable  amount  of  time  and 
effort  in  accommodating  as  many  mission  requests  as  possible 
for  given  day.  However,  frequently  they  are  unable  to  schedule 
every  mission  requested.  As  a  consequence,  a  significant 
amount  of  time  is  also  spent  in  trying  to  answer  questions  as 
to  "why"  a  mission  has  not  be  scheduled.  In  both  the 
scheduling  process  and  in  better  explaining  non-scheduled 
missions,  a  comparison  of  the  actual  schedule  against  range 
capacity  would  certainly  be  beneficial.  To  this  point  however, 
the  TW  has  been  unable  to  determine  what  the  range  capacity 
is,  hence,  it's  been  unavailable  as  a  measure  of  comparison 
(16)  . 

1.4  Range  Capacity 

Eglin's  test  range  capacity  cannot  generically  be 
defined  as  the  maximum  number  of  test  missions  that  Eglin's 
range  complex  is  capable  of  supporting  over  any  given  time 
frame.  Due  to  a  wide  variety  of  tests  and  resource 
requirements  requested  on  any  given  day  such  a  definition 
would  be  meaningless  at  best.  In  fact,  Eglin's  range  capacity 
is  actually  an  elusive  wide-ranging  variable  that  is  highly 
dependent  upon  the  daily  mix  of  requested  test  missions  and 
the  associated  resources  required.  Therefore,  for  purposes  of 
this  study  Eglin's  test  range  capacity  is  defined  as  follows: 
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"  the  ability  of  the  test  range  complex  to  support  or 
accommodate  a  select  quantity  of  diverse  test  missions 
over  a  given  span  of  time.” 

This  equates  to  the  maximum  number  in  a  given  set  of  various 
type  test  missions,  that  can  be  supported  by  the  ranges  in  an 
8  to  12  hour  workday.  Once  calculated,  the  daily  range 
capacity  can  then  be  used  not  only  to  better  justify  non- 
scheduled  missions,  but  also  act  as  a  benchmark  for  range 
schedulers  to  target.  As  such,  it  can  be  used  to  identify 
whether  or  not  additional  test  missions  can  be  accommodated 
within  the  present  schedule.  It  could  also  be  used  to  evaluate 
what  effect  mission  priorities  have  on  the  number  of  scheduled 
missions,  as  well  as,  provide  "forecasts"  of  expected 
workloads  throughout  the  week.  Ultimately,  a  method  developed 
to  estimate  range  capacity  could  be  useful  in  providing 
insight  into  how  resource  availability  affects  the  number  and 
types  of  testing  that  can  be  supported  at  Eglin.  This  insight 
can  then  be  used  to  better  direct  future  investment  capital 
aimed  at  expanding  Eglin 's  testing  capacity. 

1 . 5  Problem  Statement 

3246  TW  Schedulers  would  like  to  use  the  test  capacity  of 
Eglin' s  range  complex  to  assess  various  scheduling  issues. 
However,  Eglin 's  test  capacity  is  unknown  and  changes  daily 
depending  upon  the  types  of  missions  and  resources  requested. 
Consequently,  this  thesis  effort  was  centered  on  developing  a 
means  to  estimate  the  variable  capacity  of  Eglin' s  test  range 
complex.  In  short: 
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"Given  a  set  of  requested  open-air  test  missions  to  be 
scheduled  on  a  particular  day,  estimate  the  maximum 
number  of  those  missions  (range  capacity)  that  could 
be  supported . " 

1 . 6  Overview  of  Subsequent  Chapters 

The  first  step  taken  in  this  thesis  effort  involved 
gaining  a  basic  understanding  of  the  specifics  of  the  overall 
problem.  This  was  accomplished  through  personal  interviews  and 
through  direct  observation  of  the  daily  scheduling  process  in 
action.  Additional  understanding  was  gained  reading  TW 
scheduling  regulations,  manuals,  procedures,  and  operational 
directives.  Following  that,  and  throughout  the  remainder  of 
this  study,  related  topic  areas  were  researched  to  gain  an 
understanding  of  general  scheduling  concepts  and  solution 
methods  that  could  be  used  in  estimating  range  capacity. 

The  information  gleaned  in  this  endeavor  is  contained  in 
Chapter  2 . 

Chapter  3  provides  a  brief  description  of  the  overall 
resource  model  formulation  used  to  help  estimate  Eglin's  test 
range  capacity.  A  discussion  of  the  general  strategy  or 
approach  taken  in  this  study,  along  with  a  description  of  the 
general  model  formulation,  its  assumptions  and  operating 
constraints,  as  well  as,  common  variables  and  parameters  used 
in  formulating  a  series  of  smaller  resource  models  are 
presented  in  this  chapter. 

Chapters  4,  5  and  6  build  upon  the  general  information 
provided  in  Chapter  3.  Specific  resource  model  formulations 
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for  allocating  TW  aircraft,  radars,  and  range  areas  to 
requesting  test  missions  are  separately  contained  in  each  of 
these  chapters.  A  small  example  problem,  illustrating  the  use 
of  each  resource  model,  is  solved  and  analyzed  following  the 
model's  description  in  each  chapter. 

Chapter  7  presents  the  results  for  each  of  the  above 
models  after  actual  TW  data  was  used  to  test  their 
performance.  A  summary  of  results  along  with  an  analysis  of 
each  resource  model's  effectiveness  are  discussed  within  this 
chapter . 

Finally,  Chapter  8  concludes  with  a  brief  summary  of  the 
major  results  of  this  study  along  with  recommendations  for 
additional  research. 
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2.  Literature  Review 


The  main  focus  of  this  chapter  is  to  present  literature 
relevant  to  the  scheduling  of  limited  resources  so  that 
insights  and  possible  methods  of  estimating  range  capacity 
can  be  developed.  Topics  on  scheduling  and  complexity  theory 
are  therefore  presented,  along  with  ideas  on  general 
mathematical  formulations  and  solution  approaches  for 
resource  constrained  problems. 

2 . 1  Scheduling  Theory 

In  general,  a  scheduling  process  involves  the 
servicing  of  a  fixed  system  of  jobs  (test  missions)  by  a  set 
of  resources  (aircraft,  radars,  range  areas,  etc.)  over  a 
given  time  period  (one  day),  or  as  Rogers  and  White 
succinctly  put  it,  "the  allocation  of  shared  resources,  over 
time,  to  competing  activities"  (26:693).  In  this  process, 
the  tasks  and  resources  may  have  specified  properties  or 
constraints  that  affect  system  behavior.  Usually  the  main 
goal  in  scheduling  is  to  arrange  or  sequence  the  system's 
tasks  "to  optimize  or  tend  to  optimize  some  desired 
performance  measure"  (10:2).  In  the  case  of  Eglin's  test 
range  complex,  the  goal  of  a  scheduling  algorithm  would  be 
to  maximize  the  number  of  test  missions  scheduled  on  any 
given  day.  The  number  scheduled  would  then  equate  to  Eglin's 
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test  range  "capacity"  for  that  day's  set  of  mission 
requests . 

In  general,  the  above  scheduling  approach  would  provide 
the  means  to  estimate  test  range  capacity,  and  thus,  fulfill 
the  primary  objective  of  this  thesis  effort.  However,  no 
practical  algorithms  or  procedures  are  known  to  exist  for 
developing  a  schedule  for  this  type  of  resource-constrained 
scheduling  problem  (4:2-6).  Therefore,  an  alternate  approach 
to  estimating  range  capacity  is  necessary. 

2.1.1  Constraints.  Constraints  are  "simply  anything 
that  prevents  the  system  from  achieving  a  higher  performance 
versus  its  goal"  (14:43)  In  scheduling,  there  are  basically 
three  types  of  constraints  or  restrictions  that  limit  the 
degree  to  which  a  goal  or  objective  can  be  pursued.  They  are 
classified  as  technology,  precedence,  and  resource 
constraints  (15:5,48,197). 

Technology  constraints  are  those  that  demand  that  each 
operation  within  an  activity  be  processed  in  some  particular 
order  (15:5).  For  example,  painting  the  walls  in  a  new  home 
(activity)  may  require  several  undercoats  of  primer 
(operaMon  A)  before  the  first  coat  of  paint  (operation  B)  . 
Examining  this  level  of  detail  for  each  test  mission  is 
unnecessary  in  this  study.  Therefore,  technology  constraints 
do  not  apply. 

On  the  other  hand,  precedence  constraints  can  play  a 
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significant  role  in  this  study.  They  are  constraints  that 
demand  that  certain  activities  (versus  operations  within  an 
activity)  be  processed  before  another  (15:48).  Hence,  these 
constraints  would  specify  that  certain  test  missions  be 
given  priority  status  ahead  of  others  in  the  scheduling 
process.  Thus,  they  could  incorporate  the  present  test 
mission  priority  system  established  by  the  TW. 

Resource  constraints  are  a  major  factor  in  scheduling 
and  usually  are  the  most  limiting  of  the  three.  They  are 
constraints  that  address  the  availability  of  each  resource 
used  in  the  process  (15:197).  Thus,  in  allocating  range 
resources,  a  resource  constraint  can  be  used  ■*  :>  restrict  the 
availability  of  certain  specific  resources,  as  well  as,  non¬ 
specific,  general  classes  of  resources.  For  example,  many 
times  a  test  mission  may  request  to  work  with  one  particular 
F-15  aircraft  that's  specially  instrumented,  along  with  an 
additional  F-15  to  act  as  a  chase  ship.  In  this  instance,  a 
specific  resource  constraint  would  allow  the  modified  F-15 
to  be  allocated  only  if  it  hasn't  been  allocated  to  another 
mission.  A  general  resource  constraint  would  then  allow  the 
additional  F-15  to  be  allocated  as  long  as  there's  an  F-15 
available  in  the  general  pool  of  F-15  resources. 

2.1,2  Performance  Measures,  Once  all  constraints 
addressed  in  a  problem  are  satisfied  and  a  problem  is 
considered  feasible,  an  objective  or  measure  of  performance 
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can  be  sought.  However,  there  may  exist  "numerous,  complex, 
and  often  conflicting"  goals  that  one  may  wish  to  pursue 
(15:9).  For  some,  trying  to  minimize  the  time  when  the  last 
job  in  a  schedule  is  completed  may  be  the  main  objective. 

For  others,  minimizing  the  number  of  jobs  completed  after  a 
certain  time  period  (tardy  jobs)  may  be  more  important.  And 
yet  for  another,  minimizing  or  maximizing  the  number  of 
unfinished  or  finished  jobs  during  a  specific  time  period  is 
more  relevant.  Determining  what  measure  of  performance  is 
best  in  a  particular  situation  is  oftentimes  difficult  since 
usually  more  than  one  option  is  available.  In  estimating 
range  capacity,  a  logical  objective  would  be  to  maximize  the 
number  of  scheduled  missions  over  a  given  time  frame. 

2.2  Complexity  Theory 

Problems  come  in  different  degrees  of  difficulty  from 
those  that  are  "provably  unsolvable"  to  those  that  are 
defined  as  "well  solved"  (19:102).  Usually,  the 
computational  time  or  number  of  elementary  computer 
operations  needed  by  an  algorithm  to  solve  a  specified 
problem  instance,  determines  at  what  level  that  problem 
exists.  Therefore,  for  the  most  difficult  problems  that  are 
"provably  unsolvable",  no  solution  algorithms  exist  while 
numerous  and  efficient  solution  algorithms  exist  for  the 
"well-solved"  class  of  problems.  In  between  these  two 
extremes  lies  a  large  group  of  problems  classified  as  "NP- 
Complete"  which  currently  cannot  be  solved  efficiently.  The 
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computational  time  required  to  solve  these  problems,  via 
known  digital  computer  algorithms,  increases  exponentially 
as  the  size  of  these  problems  increase  (15:148).  Well-known 
examples  of  NP-complete  problems  include  the  traveling 
salesmen  and  the  general  m-processor,  n-job  scheduling 
problems,  both  of  which  typically  require  a  heuristic  to 
determine  an  approximation  to  the  optimal  solution  (10:124). 
Heuristic  methods  normally  provide  the  most  practical 
approach  to  such  problems.  They  often  consist  of  simple 
scheduling  rules  that  do  not  guarantee  optimality,  but  are 
capable  of  producing  reasonably  good  suboptimal  schedules 
(4:2-6).  To  preclude  wasting  time  and  effort,  it's  important 
to  determine  early  on  whether  or  not  a  problem  is 
NP-complete  so  that  a  more  pragmatic  solution  approach,  such 
as  a  heuristic,  can  be  pursued  if  necessary  (3:139). 

2.3  Resource  Constrained  Scheduling  (RCS)  Problems 
Resource  Constrained  Scheduling  (RCS)  refers  to 
problems  that  deal  with  scheduling  activities  under  limited 
time  and  resource  constraints  (27:412).  These  types  of 
problems  are  surrounded  by  enormous  computational 
complexities  which  has  earned  them  the  classification  of  NP- 
complete  (24:30).  Common  to  such  problems  are  activities  of 
known  duration  that  need  to  be  scheduled  within  a  certain 
time  frame,  along  with  predetermined  levels  of  resources 
that  are  limited  in  quantity  (27:412).  The  daily  scheduling 
of  test  missions  and  their  requested  resources  would  fall 
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within  this  description,  and  therefore,  can  be  considered  a 
Resource  Constrained  Scheduling  problem. 

2.4  Solution  Approaches  to  SCS  Problems 

Optimization  models  of  RCS  problems  are  typically  cast 
in  terms  of  integer  programming  (18:50).  Integer  programming 
(IP),  simply  defined,  is  a  "linear  program  in  which  some  or 
all  of  the  variables  are  required  to  be  non-negative 
integers"  (28:457)  As  such,  IP's  are  used  to  model 
situations  in  which  fractional  solutions  are  unacceptable. 
For  instance,  in  scheduling  test  missions,  it  would  be 
inappropriate  to  schedule  only  half  an  aircraft  to  any  given 
test  mission.  An  integer  variable  specification  would  ensure 
that  either  all  or  none  of  the  resources  required  by  a 
particular  mission  are  allocated  to  that  mission.  This 
example  also  highlights  the  special  case  of  zero/one  IP 
where  binary  decisions  such  as  "yes"  or  "no",  "go"  or  "no 
go",  "schedule"  or  "do  not  schedule"  can  be  modeled  using 
zero  or  one  to  represent  each  decision.  Thus,  in  real-life, 
many  situations  can  be  formulated  as  an  IP.  But  even  so,  it 
should  be  noted  that  IP  problems  are  not  always  easy  to 
solve.  For  although  "the  integer  program  is  very  general  and 
useful  model,  the  analyst  should  be  aware  that  solution 
techniques  are  very  limited,"  for  IP  problems  include  some 
of  the  hardest  problems  found  in  Math  Programming  (17:2).  In 
fact,  "no  non -exponential  algorithms  have  been  discovered 
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for  general  integer  or  mixed  integer  programs",  thus, 
depending  on  their  size,  IP  problems  can  be  extremely 
difficult  to  solve  (17:2).  Whereas  the  practical  range  of 
variables  for  an  LP  may  run  in  the  tens  of  thousands,  for  an 
IP  problem,  the  practical  range  is  usually  in  the  hundred's 
(17:2).  Hence,  rather  than  solve  the  IP  problem,  many  times 
a  less  constrained,  more  relaxed,  version  of  the  problem  is 
solved  instead,  in  order  to  approximate  the  true  solution. 
Such  an  LP  relaxation  strips  away  the  zero/one  or  integer 
variable  constraints  of  the  IP  thus,  effectively 
transforming  the  problem  into  a  simpler,  much  easier  to 
solve  LP  formulation.  Since  every  feasible  solution  for  the 
IP  is  feasible  for  its  corresponding  LP  relaxation,  a  bound 
on  the  optimal  IP  solution  can  be  specified.  Therefore,  if 
the  solution  of  the  LP  relaxation  is  also  integral,  then  the 
solution  is  also  optimal  for  the  IP  problem  (28:458). 

Exhaustive  Enumeration  is  one  possible  method  of 
solving  an  IP  problem.  It  involves  generating  all  possible 
solutions  to  a  problem  before  determining  which  is  best. 

This  approach  however,  is  not  practical  for  problems  of 
moderate  size  for  the  number  of  possible  solutions  increases 
exponentially  with  the  number  of  variables  found  in  the 
problem  (17:10).  For  example,  in  determining  a  schedule  for 
13  test  missions,  there  would  be  13!  or  over  6,000,000,000 
possible  sequences.  Thus,  in  many  instances,  the  task  of 
enumerating  and  evaluating  all  possible  solutions  would  be 
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enormous  even  for  the  most  powerful  computer.  Instead,  a 
more  practical  approach  would  be  to  use  bounding  rules  with 
the  above  enumeration  process  to  help  eliminate  a  number  of 
inferior  solutions  where  possible.  Implicit  enumeration  or 
branch  and  bound  methods,  "fathom"  or  cut  off  all  solutions 
known  to  be  subordinate  to  a  another.  Thus,  many  times  a 
large  number  of  possible  solutions  can  be  discarded  without 
having  been  explicitly  evaluated.  Hence,  it's  possible  to 
solve  many  IP  problems  of  significant  size  using  implicit 
enumeration  methods.  However,  it  should  be  noted,  that  such 
methods  may  still  require  enumerating  a  significant  portion 
of  all  possible  solutions,  and  thus,  cannot  guarantee  to 
generate  a  solution  within  a  reasonable  amount  of  time. 

Common  to  all  optimization  approaches  to  the  IP  problem 
is  the  fact  that  computational  time  is  highly  sensitive  to 
the  size  of  the  problem  at  hand.  The  computational  time 
required  can  increase  explosively  as  the  number  of  variables 
and  constraints  increase.  Therefore,  in  many  problem 
instances,  heuristic  solution  methods  are  often  implemented, 
especially  in  the  case  of  moderate  sized  RCS  problems 
(13:18).  In  fact,  in  past  studies,  the  scheduling  of 
multiple  resources  has  generally  been  approached  using 
heuristics,  although  some  optimizing  techniques  have  also 
been  attempted.  The  results,  however-  indicate  "only 
heuristic-based  procedures  are  realistic  for  practical 
problems"  and  that  "heuristic  procedures  are  necessary  for 
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assigning  priorities  to  activities  when  resource  conflicts 
arise"  (11:396).  Even  though  heuristic  solution  approaches 
do  not  guarantee  optimality,  they  are  usually  the  methods  of 
choice  for  RCS  problems. 

As  discussed  earlier,  the  daily  scheduling  of  test 
missions  and  their  requested  resources  at  Eglin  can  be 
considered  a  RCS  problem.  As  such,  optimal  daily  schedules 
are  extremely  difficult  to  attain  while  heuristic  solution 
procedures  are  necessary  to  approximate  the  best  schedules 
possible.  In  the  same  light,  determining  the  "exact"  daily 
range  capacity  would  be  just  as  difficult  if  not 
impractical.  Thus,  based  on  the  size  of  the  problem, 
determining  useful  bounds  on  range  capacity  using  a 
heuristic  approached  is  appropriate. 
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3.  General  Resource  Allocation  Formulation 


This  chapter  outlines  the  general  resource  allocation 
formulation  used  to  help  estimate  Eglin's  daily  test  range 
capacity.  Although  the  formulation  itself  was  too  difficult 
to  implement  and  solve  within  a  single  model,  it  wa«^ 
possible  to  split  the  formulati  m  into  a  series  of  smaller 
resource  specific  variations  that  could  be  modeled  as 
separate  zero/one  integer  (IP)  programs.  These  variations 
are  presented  over  the  next  three  chapters  along  with  small 
example  problems  used  to  highlight  each  formulation's  main 
features.  By  breaking  down  the  general  formulation,  however, 
only  an  estimate  on  an  upper  limit  to  range  capacity  could 
be  achieved. 

3 , 1  General  Overall  Approach 

As  presented  in  Chapter  2,  the  overall  problem  of 
scheduling  test  missions  with  a  limited  number  of  available 
resources  is  what's  often  referred  to  as  a  resource 
constrained  scheduling  (RCS)  problem.  Estimating  Eglin's 
test  range  capacity  can  be  viewed  as  a  special  case  of  this 
larger,  more  complicated  problem. 

As  eluded  to  above,  if  all  test  range  resources  could 
collectively  be  modeled  in  one  large  allocation  process, 
then  a  true  estimate  of  test  range  capacity  could  be 
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resolved  and  specified  for  a  given  set  of  missions.  However, 
since  such  a  model  is  too  large  to  be  practical,  a  series  of 
smaller  models  depicting  the  allocation  of  some  of  the  more 
"critical"  TW  resources  were  used  instead  to  produce  an 
upper  bound  estimate  of  range  capacity  for  a  given  set  of 
missions.  Critical  resources  are  defined  as  those  that  tend 
to  limit  the  number  of  missions  scheduled,  and  thus,  would 
most  likely  affect  test  range  capacity.  The  non-availability 
of  such  TW  resources  as  aircraft,  radars,  and  range  areas 
were  frequently  listed  as  reasons  for  non -scheduled  missions 
in  the  past.  Hence,  they  were  chosen  to  be  included  in  the 
initial  set  of  critical  resources  to  be  modeled  in  this 
study. 

3.2  Estimating  an  Upper  Bound 

Due  to  computational  complexity  considerations,  a 
series  of  single-resource  allocation  models  were  formulated 
to  estimate  range  capacity.  Each  model  determines  the 
maximum  number  of  missions  from  a  given  set  that  can  be 
supported  by  a  "single"  critical  resource.  If  modeled 
correctly,  the  outcome  of  each  model  would  always  equal  or 
exceed  the  true  range  capacity  for  that  given  set  of 
missions.  Since  these  model  estimates  of  range  capacity  are 
upper  bounds,  the  minimum  value  of  a  series  of  bounds  is 
also  an  upper  bound. 

One  of  the  main  limitations  of  using  a  series  of 
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single-resource  allocation  models  however,  is  that 
significant  interactions  between  range  resources  are  not 
accounted  for.  For  example,  some  test  missions  may  require 
certain  radars  be  allocated  in  conjunction  with  particular 
overwater  range  areas  in  order  to  provide  the  best  radar 
coverage  available.  Hence,  both  types  of  resources  need  to 
be  considered  simultaneously  during  the  allocation  process. 
Additional  research  is  therefore  warranted  to  account  for 
interaction  between  range  resources. 

3.3  Description  of  General  Resource  Allocation  Formulation 
In  each  of  the  three  resource  allocation  formulations 
that  follow  this  chapter,  the  main  objective  is  to  maximize 
the  number  of  test  missions  that  can  be  allocated  all  the 
modeled  TW  resources  they're  requesting.  In  the  process, 
each  mission  can  request  specific,  as  well  as,  general 
resources  for  its  test.  For  example,  a  mission  may  need  a 
specially  instrumented  F15  tail  #977  for  its  test  along  with 
an  additional  F15  to  act  as  a  chase  ship.  In  this  instance, 
a  specific  request  is  made  out  for  F15,  #111  while  a  general 
request  is  made  out  for  "any"  F15  aircraft.  Therefore, 
modeled  resources  are  listed  in  both  specific  and  general 
categories.  From  these  listings  each  modeled  resource  can 
then  be  "specified"  in  a  request  by  either  its  resource 
number  s  or  if  a  specific  resource  is  not  necessary,  from  a 
"general"  pool  of  like-kind  resources  g.  The  tables  found  in 
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Appendix  A  collectively  display  the  three  modeled  TW 
resources  in  66  general  resource  categories  broken  down  into 
152  individual  subcategories. 

To  model  the  use  of  each  resource,  the  12  hour  testing 
day  is  broken  up  into  T  distinct,  non-overlapping  time 
periods  in  which  a  single  resource  can  support,  at  most,  one 
test  mission.  Actual  operational  usage  of  each  modeled 
resource  dictates  the  number  of  periods  T.  In  the  aircraft 
formulation  for  example,  T  was  set  to  two  because 
operational  restrictions  normally  allow  an  aircraft  to 
support,  at  most,  two  missions  a  day.  Also,  since  the  models 
do  not  account  for  maintenance  or  other  down  times,  all 
resources  are  assumed  available  in  each  period.  Thus,  on  any 
given  day,  each  resource  can  support  up  to  T  of  J  total  test 
missions . 

In  each  model,  each  resource  s  can  be  assigned  to,  at 
most,  one  test  mission  j  in  a  given  time  period  t.  Also, 
within  this  time  period  t,  the  total  number  of  requested 
resources  from  each  general  category  g  (which  includes  both 
specific  and  general  resource  requests)  cannot  exceed  the 
total  number  available.  For  instance,  if  two  specific 
aircraft  along  with  three  "unspecified"  aircraft  are 
requested  from  the  same  general  category,  unless  a  total  of 
five  aircraft  are  available  within  that  category,  some 
missions  may  not  be  supported. 
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3.3.1  Additional  Assumptions  and  Modeling 
Considerations.  Other  inherent  underlying  assumptions  and 
operating  constraints,  not  included  in  the  above  discussion, 
are  summarized  as  follows: 

First,  to  narrow  the  scope  of  this  study,  only  open-air 
missions  will  be  examined.  This  includes  all  missions 
categories  that  employ  aircraft  resources. 

Second,  to  initially  simplify  the  formulation  and 
solution  of  each  mathematical  model,  test  mission  priority 
will  be  ignored. 

Third,  although  each  test  mission  usually  requests  a 
specific  time  of  day  in  which  to  operate,  this  facet  of  the 
request  will  be  ignored  since  the  actual  sequence  or 
scheduling  of  each  test  will  not  be  accomplished  in  this 
study.  Note  that  constraining  a  scheduling  process  by 
considering  mission  priority  or  time  of  day  requests  can 
only  decrease  the  number  of  missions  supported  in  a  day. 
Therefore,  an  upper  bound  on  range  capacity  is  still 
achieved  when  ignoring  these  factors . 

Fourth,  in  accordance  with  the  TW's  aircraft 
maintenance  restriction,  the  testing  day  is  considered  to  be 
12  hours  long  -  beginning  from  the  start  of  the  first  test 
mission  to  end  of  the  last  (21).  Lesser  pilot  duty  day 
limitations  of  8  to  10  hours  (placed  on  test  missions 
utilizing  the  same  pilot)  are  not  a  factor  if  it's  assumed 
that  such  related  missions  always  operate  within  8  to  10 
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hours  of  each  other  in  an  ideal  schedule. 


Finally,  since  Special  Operations  and  night  flying 
missions  are  few  in  number  and  easily  supportable  outside 
the  12  hour  testing  day  window,  they  are  not  considered  in 
the  allocation  process.  For  accounting  purposes,  when  these 
missions  appear  in  the  requesting  data  sets,  all  their 
requested  resources  are  assumed  to  have  been  allocated 
within  the  first  time  period. 


3.3.2  Common  Resource  Model  Variables  and  Parameters . 
The  following  are  common  variables  and  parameters  found 
within  each  resource  model  formulation: 


Given; 

g  =  "General"  resource  category  -  refers  to  a  group 
of  commonly  related  resources. 

s  =  "Specified"  resource  number  -  refers  to  a 

particular  resource  within  a  general  category  g. 

j  =  Requesting  test  mission;  j  =  1,...,J. 

t  =  Testing  period;  t  =  1,...,T. 


Parameters : 

S  =  Set  of  "specified"  or  specifically  identified 
resources  requested  by  test  mission  j . 

G  =  Set  of  "general"  or  non-specif ically  identified 
resources  requested  by  test  mission  j . 

TAV^  =  Total  number  of  resource  type  g  available  for 
allocation . 
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Req,, 


{1  if  resource  s  is  required  by  test  mission  j 
0  otherwise 


REQgj  = 


if  resource  g  is  required  by  test  mission  j 
otherwise 


Variables: 

1  if  in  period  t,  test  mission  j  can  be  allocated 
„  _  ,  all  its  requested  “g"  and  "s''  resources 

0  otherwise 


3.4  General  Resource  Model  Formulation 

Given  the  above  variables  and  parameters,  along  with 
the  general  constraints  and  assumptions  presented  in  this 
chapter,  the  General  Resource  Allocation  Formulation  is  as 
follows : 

Objective  Function: 

E  E 

ter  j  e  J 

Subject  To: 

52  (REQsj  '  -^tj)  ^  V  s  €  S  "Specific  Constraint” 

j  e  J 

V  t  e  r 

52  ^  ^  g  €.  G  "General  Constraint” 

j  t  J 

V  t  e  T 

52  ^  1*  \/  j  e  J  ”  Time  Period  Constraint” 

t  C  T 

Xy  =  {0,1}  t  =  1,...,T  j  =  1 - J 
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In  the  next  three  chapters,  the  above  general  model 
formulation  was  specifically  tailored  to  portray  the 
allocation  process  for  each  of  the  three  TW  resource  chosen 
in  this  study.  Hence,  aircraft,  radars,  and  range  area 
resources  are  explicitly  examined  to  see  how  each  limits  the 
scheduling  of  a  set  of  open-air  test  missions.  Hence,  for  a 
giver  set  of  mission  requests,  the  most  constraining 
resource  of  the  three  would  then  provide  an  upper  bound 
estimate  of  the  maximum  number  of  missions  that  could 
possibly  be  scheduled  on  Eglin's  test  ranges  in  a  day. 
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4.  Aircraft  Model  Formulation 


4.1  Allocating  Aircraft  Sesources 

The  objective  of  the  following  mathematical  model  is  to 
determine  the  maximum  number  of  missions,  of  a  given  set, 
that  can  be  allocated  their  requested  aircraft  resources 
without  violating  any  general  or  aircraft  specific 
constraints  or  assumptions. 

4.1.1  Aircraft  Specific  Modeling  Assumptions .  When 
allocating  aircraft  to  requesting  test  missions,  several 
aircraft  specific  modeling  assumptions  or  considerations 
were  made  in  formulating  the  aircraft  allocation  model. 

First,  although  test  engineers  sometimes  list  alternate 
aircraft  that  can  be  used  in  their  testing,  this  study  only 
considers  the  primary  aircraft  requested  for  their  test. 

This  greatly  simplifies  the  allocation  process  while  only 
marginally  effecting  the  usefulness  of  the  final  results 
since  requests  for  backup  aircraft  are  relatively  few  in 
number  ( 21) . 

Second,  each  testing  day  is  broken  up  into  two  non- 
overlapping  time  periods  in  which  each  aircraft  resource 
(except  tankers)  can  support  at  most,  one  test  mission  in 
each  period.  Hence,  a  single  aircraft  can  support  no  more 
than  two  test  missions  in  a  day.  Although  TW  aircraft  are 


25 


capable  and  on  occasion  support  more  than  two  missions  in  a 
day,  such  instances  are  rare  and  undesirable.  Additional 
missions  are  detrimental  to  the  aircraft's  life  cycle,  as 
well  as,  demanding  on  maintenance  and  manpower  requirements 
(21).  The  time  and  length  of  each  period  is  inconsequential 
since  they  can  be  adjusted  to  conform  to  most  any  schedule. 
Therefore,  the  model  ignores  the  specif  cs  of  scheduling 
(i.e.,  mission  duration,  takeoff  times,  turnaround  times, 
etc.)  and  concentrates  on  the  broader  issue  of  the 
"capacity"  of  each  aircraft. 

Third,  it's  assumed  that  one  tanker  aircraft  resource, 
either  a  KC-135  or  KC-10,  is  available  every  day.  Although 
the  TW  does  not  own  any  tanker  resources,  such  resources  are 
made  available  from  other  operational  flying  wings  and  have 
been  contracted  for  months  in  advance.  Depending  on  tanker 
type,  between  two  to  four  test  missions  can  be  supported  per 
period  each  of  which  can  involve  more  than  one  aircraft 
(21).  If  tanker  type  is  unknown,  a  KC-10  is  assumed  to  be 
available  since  it  supports  the  larger  number  of  missions, 
and  thus,  provides  a  higher  bound  on  the  number  of  allocated 
missions . 

And  finally,  all  aircraft  assigned  to  the  TW  are 
assumed  to  be  maintenance  free  and  always  available  upon 
request.  Although  this  is  hardly  the  case,  unscheduled 
maintenance  downtime  is  highly  unpredictable  and  can  only  be 
depicted  in  a  general  sense.  Additional  research  might  look 
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at  making  a  portion  of  the  total  number  of  aircraft  in  each 
general  category  unavailable  for  allocation  to  examine 
whether  or  not  maintenance  downtime  could  be  modeled  in  this 
manner.  This  study,  however,  assumes  every  TW  aircraft  is 
available  and  deemed  able  to  fly  twice  a  day. 

4.1.2  Aircraft  Allocation  Formulation. 

Objective  Function: 

E  E 

c  e  T  j  e  J 

Subject  To: 

(REO,j  -x,^)  ^  1, 

J  e  J 

E  ■  x„)  £  TAV,, 

J  ej 

Xij  +  X2J  k  1, 

e  [0, 1)  t  =  1,2 

Constraints  4.2  and  4.3  ensure  that  the  allocated 
number  of  "general"  and  "specified"  aircraft  resources  do 
not  exceed  the  total  number  available  in  each  time  period. 

Constraint  4.4  limits  each  test  mission  to  one  of  two 
periods  during  the  day  or  to  neither  period  when  all 
aircraft  allocations  cannot  be  made.  Thus,  it  allows  a  given 
aircraft  to  support  up  to  two  different  missions  in  a  day 


(4.1) 


V  s  e  S’ 
t  =  1,2 

g  e  G 
t  =  1,2 

\f  j  e  J 

j  =  1, .  .  . ,  J 


(4.2) 


(4.3) 


(4.4) 
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since  all  aircraft  can  be  allocated  once  in  each  time 
period.  In  addition,  constraint  4.4  prevents  partial 
allocation  of  aircraft  resources  to  test  missions  when  any 
or  all  aircraft  renuested  by  a  mission  cannot  be  allocated. 
In  such  an  instance,  a  test  mission  will  not  be  assigned  a 
time  period,  and  thus,  would  be  listed  as  non  -  scheduled . 

4.2  Allocating  Aircraft  Resources  (Example  Problem) 

The  following  example  problem  illustrates  the  use  of 
the  aircraft  allocation  model  in  determining  the  maximum 
number  of  missions,  in  a  given  set,  that  can  be  allocated 
all  their  requested  aircraft  resources  in  a  two-period  day. 
No  other  Test  Wing  resources  are  considered  in  the  process. 

On  the  next  page.  Table  4.1  lists  the  available  TW 
aircraft  resources  considered  in  this  example  problem.  Note 
that  the  table  is  similar  to  the  actual  aircraft  resource 
tables  found  in  Appendix  A  and  that  it's  split  into  general 
"G"  and  specified  "S"  sets  of  aircraft  categories  with  each 
individual  aircraft  "s”  belonging  to  a  general  group  "g" . 
Also  note  that  the  first  five  categories  are  the  same  for 
"g"  and  "s".  The  single  aircraft  identified  in  these 
categories  are  uniquely  modified  for  a  specific  test  purpose 
and  cannot  be  grouped  with  any  other.  For  the  most  part, 
these  aircraft  cannot  be  used  for  anything  other  than  what 
they've  been  specifically  "designated"  (21). 
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TABLE  4 . 1 


SAMPLE  SET  OF  TEST  WING  AIRCRAFT  RESOURCES 
(For  Example  Aircraft  Allocation  Problem) 


g 

IEIIB!I 

s 

Type 

Desci iption 

1 

1 

1 

F15 

Set  of  specially  modified  or 
instrumented  Test  Wing 
aircraft . 

These  aircraft  will  not  fly 
any  mission  other  than  what 
they've  been  designated/ 
modified  to  fly. 

2 

1 

2 

F16 

3 

1 

3 

F16 

4 

1 

4 

F16 

5 

1 

5 

F16 

6 

6 

6-11 

F15 

Set  of  unmodified  or  semi- 
modified  Test  Wing  aircraft. 

These  aircraft  can  be 
configured  to  fly  all 
missions  except  those 
designated  for  aircraft 
in  the  above  set. 

7 

6 

12-17 

F16 

8 

2 

18-19 

Fill 

9 

2 

20-21 

RF4 

10 

2 

22-23 

UHIN 

Table  4.2  below,  categorizes  each  type  of  tanker 
aircraft  and  identifies  their  capabilities.  A  similar  table 
can  be  found  in  Appendix  A. 

TABLE  4.2 


TANKER  AIRCRAFT  SUPPORT 
(For  Example  Aircraft  Allocation  Problem) 


g 

ESSH 

s 

Type 

Description 

11 

4 

24 

KCIO 

Each  KCIO  can  support  4  missions 

12 

2 

25 

KC135 

Each  KC135  can  support  2  missions 

On  the  next  page,  Figure  4.1  depicts  both  "general"  and 
"specified"  aircraft  resource  requirements  for  a  given  set 
of  17  test  missions  requested  for  a  particular  day.  Test 
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mission  1  (TMl)  for  example,  specifically  requests  F15  i^lO 
from  general  category  6  and  F16  il2  from  general  category  7 
In  addition,  it  also  requests  a  second  "non-specific"  F15 
from  general  category  6.  Thus,  TMl  is  requesting  the  use  of 
two  "specified"  and  one  "general"  type  aircraft. 


•SPECIFIED’  TEST  MISSIONS  ’GENERAL* 


FiS’s 


F16'S 


Fill’s 


RF4’s 


TANKER 


Figtire  4.1  "General"  and  "Specified"  Aircraft  Eesource 
Seq[nirements  (Aircraft  Allocation  Ex2unple). 
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In  Figure  4.1,  test  mission  requirements  exceed  the 
number  of  available  aircratt  resources  which  is  typically 
the  case  found  in  normal  day  to  day  scheduling  operations  at 
Eglin . 

In  this  example,  the  overall  goal  is  to  schedule  as 
many  of  the  17  test  missions  as  possible  for  a  specific  day. 
Hence,  the  main  objective  in  the  scheduling  process  a.;: 

MAX  Z  ^  i  (4.1) 

t  -  X  j  -  1 


The  "specified"  aircraft  resource  requirements, 
depicted  in  Figure  4.1  for  each  test  mission  j,  are  shown  in 
Table  4.3  on  the  next  page.  Total  requirements  for  each 
specified  category  "s"  or  SreQ^^'s  are  tallied  across  each 
row  and  found  along  the  right-hand  side  of  the  table.  A 
scheduling  conflict,  whereby  a  mission  cannot  be  supported, 
is  unavoidable  when  this  sum  is  greater  than  two  since  each 
aircraft  can  only  support  at  most,  two  missions  a  day. 
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Table  4 . 3 


"SPECIFIED"  AIRCRAFT  REQUIREMENTS  (REQ^^) 
(For  Example  Aircraft  Allocation  Problem) 


Test  Mission  j 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

2|  0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

Q 

0 

0 

0 

2 

3  1  0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

2 

7  i  0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

2 

10  1  1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

12|  1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

3 

13  1  0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

3 

14  1  0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

3 

0 

0 

0 

2 

isjo 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

16  io 

i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

ol 

2 

17  1  0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

20  1  0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

21122222021111120 

Is, I 


Thus,  at  least  three  conflicts  will  exist  when 
attempting  to  allocate  the  above  "specified"  aircraft 
resources  to  the  17  test  missions  in  the  given  set. 

The  following  "specified"  constraints  from  the  Aircraft 
Allocation  Formulation  ensure  that  if  a  test  is  scheduled 
within  a  period  t,  then  its  requested  aircraft  are  not 
assigned  to  any  other  missions  within  that  same  period: 

!■'  V  s  e  S 

j  -  I  L  -  1  ,  Z 

X,  .  e  (0,1],  e  {0,1],  j  =  1,  .  .  . ,  17 

In  similar  fashion,  the  "general"  aircraft  resource 
requirements  as  depicted  in  Figure  4.1  for  each  test  mission 
j,  are  shown  in  Table  4.4  below.  Note  that  tanker  resource 
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types  11  and  12  are  also  included  in  the  table. 


TABLE  4.4 


"GENERAL"  AIRCRAFT  REQUIREMENTS  (REQ  ) 
(For  Aircraft  Allocation  Example  Problem) 


Test  Mission  j 

7  8  9  10  11  12  13  14  15  16  17 


“1 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

1] 

12 


0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 


0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 


0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

2 

1 

0 

0 

0 

0 

1 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 


0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 


0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 


0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 


0 

0 

0 

0 

0 

0 

2 

0 

1 

0 

0 

1 


0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

1 


0 

2 

2 

0 

0 

14 

20 

5 

5 
0 
0 

6 


GJ 


In  Table  4.4,  specified  aircraft  requirements  are 
included  within  each  test  mission's  general  aircraft 
requirement  count.  Hence,  since  categories  1  through  5 
contain  only  a  single  aircraft,  these  categories  are 
identical  to  those  listed  in  Table  4.3  for  specified 
aircraft  requirements.  Therefore,  the  constraints  associated 
with  these  five  categories  are  redundant  and  can  be  ignored 
General  categories  6  through  12,  however,  need  to  adhere  to 
the  following  "general"  constraints  from  the  Aircraft 


33 


Allocation  Formulation; 


g  e  G 
t  =  1,2 


(4.3) 


Xj  ^  e  (0,1],  j  €  {0,1},  j  =  1, 


17 


Finally,  to  ensure  that  a  test  mission  is  not  scheduled 
for  more  than  one  time  period,  the  last  set  of  constraints 
found  in  the  Aircraft  Allocation  Formulation  must  be 
satisfied : 

^\j  ^2j  ^  1 »  j  -  ,11  (4.4) 

X,  ^  6  (0,1),  X^.j  €  {0,1},  j  =  1,  ...  ,17 


Using  the  LINDO  (Linear  Interactive  and  Discrete 
Optimizer)  linear  program  solver,  an  optimal  solution  to 
this  example  aircraft  allocation  problem  was  generated  (see 
Appendix  B)  and  is  summarized  below: 


Z  =13 

max 

with 

^1. 

=  1 

for 

j 

=  5,  6, 

8, 

12, 

16, 

17 

=  1 

for 

j 

=  1,  2, 

3, 

9, 

10, 

11 

and 

=  0 

for 

j 

-  4,  7, 

13,  14 

Therefore,  missions  5,  6,  8,  12,  16,  and  17  were  allocated 
all  their  requested  aircraft  in  period  one  while  missions  1, 
2,  3,  9,  10,  11,  and  15  were  allocated  all  their  requested 
aircraft  in  period  two.  Missions  4,  7,  13,  and  14  could  not 
be  supported  in  either  period. 

In  this  example,  other  optimal  distributions  of 
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aircraft  to  test  missions  may  be  possible.  However,  in  no 
case  will  the  maximum  number  of  allocated  missions  or 
exceed  13.  Thus,  provides  us  with  an  upper  bound  on  the 

number  of  missions  that  can  be  scheduled,  given  the  mix  of 
requested  missions  presented  in  this  example  problem. 
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5.  Radar  Model  Formulation 


5.1  Allocating  Radar  Resources 

The  objective  of  the  following  mathematical  model  is  to 
determine  the  maximum  number  of  missions,  of  a  given  set, 
that  can  be  allocated  their  requested  radar  resources 
without  violating  any  general  or  radar  specific  constraints 
or  assumptions . 

5.1.1  Radar  Specific  Modeling  Assumptions .  When 
allocating  radars  to  requesting  test  missions,  several  radar 
specific  modeling  assumptions  or  considerations  were  used  in 
formulating  the  radar  allocation  model. 

First,  each  testing  day  is  broken  up  into  five,  non¬ 
overlapping  time  periods  in  which  tracking  radars  can 
support  at  most  one  test  mission  per  period  while  all  others 
(due  to  manning  limitations)  can  support  only  one  test 
mission  in  each  of  four  periods.  These  limitations  are  based 
upon  the  number  of  test  missions  that  can  feasibly  be 
conducted  within  a  standard  military  or  contract  radar 
operator's  workday  at  Egiin.  The  standard  workday  for 
military  operators  manning  the  tracking  radars,  is  between  8 
to  10  hours  long,  while  contract  operators  manning  the 
remaining  radars,  are  "contracted"  for  up  to  8  hours  a  day 
after  which  they're  paid  overtime  (21).  To  stay  within  these 
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time  constraint's  the  number  of  test  missions,  which  vary  in 
length  between  1.5  and  3.0  hours  must  be  limited.  Or  the 
type  missions  that  last  3.0  hours  ( ie . ,  Flutter  and  Amraam 
missions),  normally  not  more  than  one,  and  never  more  than 
two  can  be  handled  within  a  given  day  (21).  Hence,  when 
assuming  a  normal  day  where  only  one  3.0  hour  mission  has 
been  scheduled,  each  tracking  radar  can  support  up  to  four 
additional  1.5  hour  missions,  in  conjunction  with  the  one 
3.0  hour  mission  in  a  10  hour  day,  while  all  other  radars 
can  support  an  additional  three  1.5  hour  missions  in  an  8 
hour  contract  worker's  workday.  Thus,  tracking  radars  are 
given  five  time  periods  in  which  to  work  in,  while  all 
others  are  given  four. 

Contract  manning  and  maintenance  limitations  also  play 
a  significant  role  in  the  number  of  specific  radars  that  can 
operate  each  day  at  Eglin.  These  limitations  are  summarized 
below . 

(a)  Four  of  five  A20  tracking  radars  per  day. 

(b)  Two  of  four  of  the  following  radars  per  day: 

-  A13MPQ46 

-  A13NIKETRR 

-  A13NIKETTRV 

-  A12WESTIA 

(c)  Two  of  three  of  the  following  radars  per  day: 

-  B10WEST4B 

-  B10WEST5 

-  B1WEST3 

(d)  Three  of  five  of  the  following  radars  per  day; 

-  A30FLYCATCHER 

-  A30ROLAND 

-  A30SADS8R 

-  A30WEST11C 

-  A30XM40 
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(e)  One  of  the  following  radars  per  day: 

-  A3MPS19-125 

-  A3MPS19-161 

The  radars  listed  in  (a)  and  (e)  are  assumed  to  be 
homogeneous  (identical)  whereby,  one  radar  can  be 
substituted  by  another.  Therefore,  the  limitations  placed  on 
these  two  groups  of  radars  can  be  considered  in  general 
terms  where  only  the  number  of  radars  allocated  in  each 
period  is  constrained.  On  the  other  hand,  radars  listed  in 
(b),  (c),  and  (d)  are  not  homogeneous.  Normally  the  same 
sets  of  radars  in  each  of  these  groups  must  be  used  through 
the  entire  day.  However,  given  a  two  hour  time  period  in 
which  to  make  a  switch,  a  different  set  of  radars  from  each 
group  could  be  made  available.  Historically,  such  a  switch 
has  been  necessary  only  four  or  five  times  a  year.  In  these 
instances,  if  required,  contractor  overtime  was  authorized 
to  avoid  reducing  the  number  of  supported  missions  (20). 
Hence,  the  limitations  placed  on  these  three  groups  of 
radars  can  also  be  considered  under  the  same  general  terms 
as  those  in  (a)  and  (e)  . 

One  additional  assumption  was  made  in  formulating  the 
Radar  Allocation  Model.  Similar  to  the  Aircraft  Formulation, 
the  Radar  Formulation  assumes  radar  warm-up  and  turn-around 
times  (on  average  between  15-30  minutes)  can  be  ignored  when 
the  "capacity"  of  the  radars  is  the  main  focus  of  attention. 
This  assumes  the  necessary  slack  time  is  generally  available 
within  or  around  each  separate  non-overlapping  time  period. 
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5.1.2  Radar  Specific  Parameters.  The  following 

parameters  are  specific  to  radar  and  are  in  addition  to  the 

general  variables  and  parameters  listed  in  chapter  3: 

STR  =  Set  of  "Specified"  categories  of  tracking 
radars  (See  Appendix  A,  Table  A. 5). 

GTR  =  Set  of  "General"  categories  of  tracking  radars. 
(See  Appendix  A,  Table  A. 5). 

5.1.3  Radar  Allocation  Formulation. 

Objective  Function: 


»AX  ■£  E 

c  e  T  j  e  J 


Subject  To: 


Y,  ^1/  V  s  e  STR 

j  e  J 


Y  (EEQgj  •  ^  1. 

J  e  J 


V  s  e  5 
t  =  2, 3, 4, 5 


Y  (EEQgj  ■  ^  TAV^.  ^  ge  GTR 

J  eJ 


E  E 


g  «  GTR  j  e  J 


Y  (EEQ^  •  x,j)  ^  TAV^, 

j  t  J 


=  0 


g  e  G 

t  =  2,3,4, 5 


(5.1) 

(5.2) 

(5.3) 

(5.4) 

(5.5) 

(5.6) 


Y  ^  V  J  e  J  (5.7) 


x^.  e  {0, 1]  t  =  1,  .  .  .  ,  5  j  =  1,  .  .  . ,  J 
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The  above  constraints  are  similar  to  those  found  in  the 


aircraft  allocation  formulation.  Specific  constraints  5.2 
and  5.3,  along  with  general  constraints  5.4,  5.5,  and  5.6 
ensure  that  the  allocated  number  of  specified  and  general 
radar  resources  do  not  exceed  the  number  available  in  each 
time  period.  Note  however,  that  of  these  constraints,  5.2, 
5.4,  and  5.5  pertain  specifically  to  tracking  radars 
operating  in  period  t  =  1.  These  three  constraints  allow 
tracking  radars  an  additional  allocation  period. 

Constraint  5.7  ties  the  formulation  together  by 
limiting  each  test  mission  to  one  of  five  periods  during  the 
day.  Thus,  it  allows  tracking  radars  the  capability  to 
support  up  to  five  different  missions  in  a  day  while  all 
others  can  support  up  to  four.  As  in  the  aircraft 
formulation,  this  constraint  also  prevents  partial 
allocation  of  radar  resources  to  test  missions  when  any  or 
all  requested  radars  cannot  be  provided.  In  such  an 
instance,  a  test  mission  would  not  be  assigned  a  time 
period,  and  thus,  would  be  listed  as  non-scheduled . 

Operational  manning  and  maintenance  limitations  are 
incorporated  in  the  value  of  TAV^  or  the  total  number  of 
general  radar  resources  that  are  available  during  any  one 
time  period.  These  values  are  listed  in  Table  A. 5  of 
Appendix  A. 
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5.2  Allocating  Radar  Resources  (Example  Problem) 

The  following  example  problem  illustrates  the  use  of 
the  radar  allocation  model  in  determining  the  maximum  number 
of  missions,  of  a  given  set,  that  can  be  allocated  all 
their  requested  radar  resources  in  a  five-period  day.  No 
other  TW  resources  are  considered  in  the  process. 

Table  5.1  lists  the  available  Test  Wing  radar  resources 
considered  in  this  example  problem.  Note  that  the  table 
lists  general  "G"  and  specified  "S"  sets  of  radars  and  that 
each  individual  radar  "s"  belongs  to  a  general  group  "g". 


TABLE  5.1 

SAMPLE  SET  OF  TEST  WING  RADAR  RESOURCES 
(For  Example  Radar  Allocation  Problem) 


g 

BBB 

s 

Name 

Description 

1 

4 

— 

A20FPQ16-XX 

FPQ  Tracking  Radar  Systems 

2 

1 

6-7 

A3MPS19-XX 

MPS19  Tracking  Radar  Systems 

3 

3 

8-10 

A13ASADSX 

SADS  Threat  Radar  Systems 

4 

3 

11-15 

A30XXXXXX 

Mix  of  Mobile  and  Simulated 
Threat  Radar  Systems 

5 

2 

16-18 

BIXWESTXX 

WEST  Threat  Radar  Systems 

6 

. 

2 

19-22 

AIXXXXXXX 

NIKE,  HAWK  and  WEST 

Radar  Systems 

On  the  next  page,  Figure  5.1  depicts  both  "general"  and 
"specified"  radar  resource  requirements  for  the  same  set  of 
17  test  missions  used  in  the  aircraft  allocation  example 
problem.  As  in  that  example,  test  engineers  may  submit 
requests  for  a  particular  radar  "s"  from  general  category 
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"g",  or  for  any  radars  within  "g"  if  particular  radars  are 
not  needed,  or  both.  For  example,  TMl  specifically  requests 
the  use  of  radar  SI,  along  with  two  additional  radars  of  the 
same  general  type  from  general  category  1. 


-SPECIFIED’  TEST  MISSIONS  'GENERAL* 


Figxire  5.1  "General"  and  "Specified"  Hadar  Sesource^ 
Heqxiirements  (Radar  Allocation  Example)* 


'  Unless  otherwise  noted  next  to  each  requested  test  mission,  requests 
from  each  general  radar  category  are  for  a  single  radar. 
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Again,  as  in  the  aircraft  example  problem,  the  overall 
goal  is  to  schedule  as  many  of  the  17  test  missions  as 
possible  for  a  specific  day.  Hence,  the  main  objective  in 
the  scheduling  process  is  to: 

MAXZ-  ^  (5.1) 

c  •=  1  j  -  1 


To  accomplish  the  above  objective  each  "specified" 
radar  resource  requirement,  as  depicted  in  Figure  5.1,  '.:u.s 
first  placed  in  tabular  format  as  shown  in  Table  5.2  on  the 
next  page.  Total  requirements  for  each  specified  category 
"s"  or  ZreQ^Vs  are  tallied  across  each  row  and  found  along 
the  right-hand  side  of  the  table.  A  scheduling  conflict  is 
unavoidable  when  this  sum  is  greater  than  four  or  five 
(depending  on  type  radar)  since  tracking  radars  can  support, 
at  most,  five  missions  a  day  while  all  others  can  support  up 
to  four. 
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TABLE  5.2 


"SPECIFIED"  RADAR  REQUIREMENTS  (REQ^^) 
{For  Example  Radar  Allocation  Problem) 


Test  Mission  3 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1C 

1  ~1 

X  ! 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

c 

0 

3 

3 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

6 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

7 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

9 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

11 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

3 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

2 

19 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

c 

0 

1 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

21 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

2 

1 

1 

1 

2 

1 

1 

2 

2 

1 

1 

1 

1 

1 

|s,l 


Looking  across  the  rows  in  the  Table  5.2,  one  can  see 


that  no  immediate  conflicts  exist  between  the  17  test 


missions  requesting  "specific"  radar  resources  since  no  sums 


are  greater  than  four. 


The  following  "specified"  constraints  from  the  Radar 


Allocation  Formulation  ensure  that  if  a  test  is  scheduled 


within  a  period  t,  then  its  requested  radar  are  not  assigned 


to  any  other  missions  within  that  same  period: 


17 

{REQ^j  •  i  1,  s  e  STR  (5.2) 

j  -  1 


V  s  e  S' 

T  {REQ^i  ■  X,.)  ^  1,  (5.3) 

f t  =  2.3.4,.  S 


x^,  e  [0,1]  t  =  1,  .  .  .  ,5  j  =  1,  ...  ,17 


In  similar  fashion,  each  "general"  radar  resource 
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requirement  from  Figure  5.1  is  placed  in  tabular  format 
below . 

TABLE  5.3 

"GENERAL"  RADAR  REQUIREMENTS  (REQ  ) 

(For  Example  Radar  Allocation  Problem) 

Test  Mission  j 

1  2  3  4  5  6  7  8  9  10  11  1 2  1 3  14  1 5  1 6  17 

0|  12 
0|  7 

0|  5  IrEO,., 

olio 

0  i  4 
2|  7 
_J 

33223232332333242 

|G,| 


In  Table  5.3,  specified  radar  requirements  are  included 
within  each  test  mission's  general  radar  requirement  count. 
Given  the  totals  for  each  requested  mission,  the  following 
"general"  constraints  from  the  radar  formulation  need  to  be 
applied: 


17 

52  (REQgj  ■  x^j)  <:  TAVg,  V  ge  GTR  (5.4) 

j  •  1 


E  E  "  (5.5) 

g  t  GTR  j  e  J 


V  g  e  G 

r-1  C-2,3,4,5 


{0,1}  t  =  1,,..,5  j  =  1,...,17 


Finally,  to  ensure  that  a  test  mission  is  not  scheduled 
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for  more  than  one  time  period,  the  last  set  of  constraints 
found  in  the  Radar  Allocation  Formulation  must  be  applied: 

^  <:  1,  j  =  l . 17  (5.7) 

e  -  1 

G  {0, 1]  t  =  1,  .  .  .  ,  5  j  =  1,  .  .  .  ,  17 

Using  the  LINDO  (Linear,  Interactive  and  Discrete 
Optimizer)  linear  program  solver,  an  optimal  solution  to 
this  example  radar  allocation  problem  was  generated  (see 
Appendix  B)  and  is  summarized  below: 


with 

=  1 

for 

j  = 

3 

=  1 

for 

j  = 

1, 

6, 

7,  15 

=  1 

for 

j  = 

10, 

16 

^41 

=  1 

for 

j  = 

5, 

13, 

17 

=  1 

for 

j  = 

2, 

8, 

9,  11,  12 

and 

=  0 

for 

j  == 

4, 

14 

Therefore,  mission  3  can  be  allocated  all  its  requested 
radars  in  period  1,  missions  1,  6,  7,  and  15  in  period  two, 
missions  10  and  16  in  period  3,  missions  5,  13,  and  17  in 
period  4,  and  missions  2,  8,  9,  11,  and  12  in  period  5.  Only 
missions  4  and  14  could  not  be  supported  in  any  of  the  five 
periods . 

For  this  example,  other  optimal  distributions  of  radars 
to  test  missions,  within  the  five  different  time  periods, 
may  be  possible.  However,  in  no  case  will  the  maximum  number 
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of  fully  allocated  missions  or  exceed  15. 

Note,  in  the  previous  example,  the  maximum  number  of 
missions  supported  by  the  aircraft- flee t  is  less  than  the 
number  above.  Therefore,  for  aircraft  or  13,  is  the  more 

restrictive  upper  bound  on  the  number  of  missions  that  could 
be  supported  in  this  set. 
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6.  Range  Area  Model  Formulation 


6.1  Allocating  Range  Areas 

The  objective  of  the  following  mathematical  model  is  to 
determine  the  maximum  number  of  test  missions,  of  a  given 
set,  that  can  be  allocated  their  requested  range  area 
resources  without  violating  any  general  or  range  area 
specific  assumptions. 

6.1.1  Range  Area  Specific  Modeling  Assumption. 

Several  range  area  specific  modeling  assumptions  were  made 
in  the  Range  Area  Allocation  Formulation. 

As  in  previous  formulations,  this  first  assumption 
provides  a  convenient  means  of  allowing  each  range  area  the 
ability  to  support  up  to  a  realistic  number  of  missions  on 
any  given  day.  Given  the  standard  length  of  a  test  mission 
varies  between  1.5  and  3.0  hours,  and  also,  given  a  normal 
day  in  which  no  more  than  one  3.0  hour  mission  ( ie . ,  Flutter 
or  Amraam  mission)  will  be  conducted,  up  to  six  1.5  hour 
missions  can  be  supported  by  a  range  area,  in  addition  to 
the  one  3.0  hour  mission,  in  a  12  hour  time  frame. 

Therefore,  each  testing  day  is  broken  up  into  seven  non- 
overlapping  time  periods  in  which  each  range  area  can 
support  no  more  than  one  mission  per  period  for  a  total  of, 
at  most,  seven  missions  in  a  day. 
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Differing  slightly  from  the  previous  two  formulations, 
all  requests  for  range  areas  must  be  specified  except  for 
range  areas  within  the  W151  overwater  range  area  blocks  (see 
Appendix  A  Table  A. 5).  This  exception  accommodates  short - 
duration  training  missions  which  do  not  need  a  specific 
range  area  to  train  within,  but,  desire  ranges  close  to 
Eglin . 


6.1.2  Radar  Specific  Parameters.  The  following 

parameter  is  specific  to  range  areas  and  is  in  addition  to 

the  general  parameters  listed  in  chapter  3: 

W151  =  Set  of  range  subareas  located  within  W151 

overwater  test  area  block  (See  Appendix  A, 
Table  A . 6 ) . 


6.1.3  Range  Area  Allocation  Formulation. 
Objective  Function; 


E  E-« 

ter  j  e  J 

Subject  To; 


j  eJ 


V  s  e  5 
t  =  1, . . . ,7 


(6.1) 


(6.2) 


E  E  ^  E  ^  =  1 . 

g  e  W151  j  e  J  g  e  Ifisi 


^E  N/jCiJ  (6.4) 

ter 


X,^  €  {0,1]  t  =  1,  .  .  .,7  j  =  1,  .  .  .  ,J 
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The  above  constraints  are  similar  to  those  found  in  the 


previous  two  model  formulations.  Constraint  6.2  ensures  that 
the  "specified"  range  areas  allocated  a  mission  are  not 
allocated  to  other  missions  in  the  same  period.  Constraint 
6.3  ensures  the  number  of  "general"  areas  allocated  from  the 
W151  overwater  range  area  blocks  do  not  exceed  the  number 
available  in  each  period. 

Constraint  6.4,  as  in  previous  formulations,  ties  the 
formulation  together  by  limiting  each  test  mission  to  one  of 
seven  time  periods,  thus,  allowing  each  range  area  the 
capability  of  supporting  up  to  seven  different  missions  in  a 
testing  day.  It  also  prevents  partial  allocation  of  range 
areas  to  test  missions  when  any  or  all  range  areas  requested 
by  the  mission  cannot  be  allocated.  In  such  instances,  a 
test  mission  would  not  be  assigned  a  time  period,  and  thus, 
be  listed  as  non -scheduled . 

6.2  Allocating  Range  Areas  (Example  Problem) 

The  following  example  illustrates  the  use  of  the  range 
area  allocation  model  in  determining  the  maximum  number  of 
test  missions,  in  a  given  set,  that  can  be  allocated  their 
requested  range  areas  in  a  seven-period  day.  No  other  Test 
Wing  resources  are  considered  in  the  allocation  process. 

Table  6.1  below  lists  the  TW  range  areas  considered  in 
this  example  problem.  Note  that  the  table  is  similar  to 
those  found  in  Appendix  A  and  that  it's  broken  up  into 
general  "G"  and  specified  "S"  sets  of  range  area  categories 
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with  each  individual  range  area  "s"  belonging  to  a  general 
group  "g" . 


TABLE  6.1 

SAMPLE  SET  OF  TEST  WING  RANGE  AREAS 
(For  Range  Area  Allocation  Example  Problem) 


g 

BSH 

s 

Name 

Description 

1 

W151A1 

1 

3 

2 

W151A3 

3 

W151A5 

4 

W151A2 

OVERWATER  TEST  AREAS 

2 

3 

5 

W151A4 

6 

W151A6 

7 

W470B 

3 

4 

8 

W470C 

TYNDALL  AFB 

9 

W470D 

TRAINING  AREAS 

10 

W470E 

4 

1 

11 

B70 

AIR-TO-GROUND  TEST  AREA 

12 

C52A 

5 

3 

13 

C52C 

C52  BOMB  TEST  AREAS 

14 

C52N 

6 

1 

15 

C62 

AIR-TO-GROUND  TEST  AREA 

Figure  6.1  depicts  both  the  general  and  specified  range 
areas  requested  by  the  same  set  of  17  test  missions  used  in 
the  previous  two  chapter's  example  problems.  Test  mission  1 
(TM  1)  for  example,  is  specifically  requesting  areas  1  and  3 
from  general  overwater  category  1.  TM  2,  on  the  other  hand, 
is  specifically  requesting  area  9  from  general  extended 
overwater  category  2,  along  with  all  the  areas  found  in 
general  overwater  category  1.  Hence,  these  two  missions  are 
directly  competing  against  each  other  for  some  of  the  same 
range  areas  found  in  general  category  1. 
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-SPECIFIED*  TEST  MISSIONS  ’GENERAL* 


Figirre  6.1  "General"  and  "Specified"  Rcmge  Area 

Requirenient:s  (Range  Allocation  Example}* 


• 

The  number  of  subareas  requested  from  each  general  range  area  block 
are  noted  next  to  each  test  mission . 


Again,  as  in  previous  example  problems,  the  overall 
goal  is  to  schedule  as  many  of  the  17  test  missions  as 
possible  for  this  specific  day. 
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Hence,  the  main  objective  in  the  scheduling  process  is: 


MAX  Z 


7  17 

■E  E^ 

C-1  ji-1 


tj 


(6.1) 


Each  "specified"  range  area  requested  by  the  17  test 
missions  is  shown  in  Table  6.2  on  the  next  page.  Note  that 
when  a  "general"  block  of  range  areas  is  requested,  all 
subareas  within  that  block  are  specifically  being  requested, 
and  thus,  are  included  in  the  table.  Total  requirements  for 
each  specified  category  "s"  or  ZREQ^. 's  are  tallied  across 
each  row  and  found  along  the  right-hand  side  of  the  table.  A 
scheduling  conflict  is  unavoidable  when  this  sum  is  greater 
than  seven  since  each  range  area  can  support  at  most,  seven 
missions  in  a  day. 

TABLE  6.2 

"SPECIFIED"  RANGE  AREA  (REQ^.) 

(For  Range  Area  Allocation  Example  Problem) 


Test  Mission  j 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

ll  1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

oil 

311 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

oi  3 

41  1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0|  3 

sj  0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

oj  2 

6|  0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

012 

91  0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

oj  3 

111  0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

oj  4 

1210 

0 

1 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

ij  5 

lajo 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

ij  4 

1410 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 

l!  5 

isj  0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

ij  3 

31421224024210124 

IsJ 
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Looking  across  each  row  one  can  see  that  many  of  the 
test  missions  are  competing  for  the  same  range  areas. 
However,  in  no  case  are  more  than  7  missions  requesting  a 
single  area.  Therefore,  no  immediate  conflicts  'xist  between 
the  17  test  missions  in  requesting  "specified"  range  areas. 

The  following  "specified"  constraints  from  the  Range  Area 
Allocation  Formulation  ensure  that  if  a  mission  is  scheduled 
within  a  period  t,  then  its  requested  range  areas  are  not 
assigned  to  any  other  missions  within  that  same  period: 

£  (JlEO,,  ■  Xy)  i  1 ,  (6.2) 

jf-1  C  -  1 ,  .  .  ,  ,  / 

x^,  6  {0,1}  t  =  1,...,7  j  =  1,...,17 

In  similar  fashion,  the  "general"  range  areas  requested 
by  the  17  test  missions  are  laid  out  in  Table  6.3  on  the 
next  page.  Recall  in  the  model  assumptions,  that  general 
requests  for  subareas  may  only  be  made  for  subareas  within 
the  W151  general  block  areas.  "Specified"  requests  from 
these  areas  must  be  included  in  the  total  "general" 
requirement  count  for  each  test  mission  j . 
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TABLE  6.3 


"GENERAL"  RANGE  AREA  REQUIREMENTS  (REQ  ) 

(For  Range  Area  Allocation  Example  Problem) 

Test  Mission  j 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17 

I - 1 

g  1&2|3  60000046500  33  320|  35  IrEQ^. 

I _ I 

12221222112221212 

|G,| 


Looking  across  the  row  one  can  see  that  no  direct 
conflict  exists  in  allocating  subareas  found  in  W151 
overwater  range  area  blocks  1  and  2  since  42  general 
allocations  (6  subareas  over  7  periods)  of  W151  subareas  can 
be  made  on  any  given  day . 

To  ensure  that  number  of  general  range  areas  allocated 
in  each  period  does  not  exceed  the  number  available,  the 
following  "general"  constraint  from  the  range  area 
formulation  must  be  satisfied: 

E  E  ^  E^-^v  ^  1 . 

v-l  j-l  S'! 

X,.  e  {0,1}  t  =  1,  .  .  .,7  j  =  1 - 17 

Finally,  to  ensure  that  a  test  mission  is  not  scheduled 
for  more  than  one  period  in  a  day,  the  last  set  of 
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constraints  from  the  Range  Area  Allocation  Formulation  must 
be  satisfied. 


t'l 


j  =  1/ 


17 


(6.4) 


e  {0, 1}  t  =  1,  .  .  .  ,  7  j  =  1 - ,17 


Using  the  LINDO  (Linear,  Interactive  and  Discrete 
Optimizer)  linear  program  solver,  an  optimal  solution  to 
this  example  range  area  allocation  problem  was  generated 


( see 

Appendix 

B) 

and 

is  summarized  below: 

2  max  "" 

^  17  with 

=  1 

for  j  =  6,8,14 

=  1 

for 

j  =  4,10 

=  1 

for  j  =  5,9,12 

=  1 

for 

j  =  2,11 

=  1 

for  j  =  7,16 

^7, 

=  1 

for 

j  =1,13,17 

’■4j 


=  1  for  j  =  3,15 


Thus,  all  test  missions  j  can  be  fully  allocated  their 
requested  range  areas  in  a  seven-period  day. 

As  in  the  previous  example  problems,  other  optimal 
distributions  of  range  areas  to  test  missions  may  be 
possible.  However,  in  no  case  will  the  maximum  number  of 
fully  allocated  test  missions  ever  exceed  the  value  of 
or  in  this  case  17 . 

Note  from  the  previous  two  problem  solutions,  that 
aircraft  resources  are  the  most  constraining  of  the  three 
resources  considered  for  this  test  mission  set.  Therefore, 

Z  for  aircraft  or  13,  is  the  upper  bound  on  the  number  of 
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test  missions  in  this  set,  that  can  be  allocated  all  their 
requested  TW  aircraft,  radar,  and  range  area  resources. 
Thus,  Eglin's  test  range  capacity  for  these  17  missions  is 
estimated  to  be  no  better  than  13. 
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7.  Computational  Testing  and  Analysis 


This  chapter  examines  how  each  resource  allocation 
model  was  applied  and  tested  using  actual  TW  data.  A 
discussion  of  the  computer  software  used,  problems 
encountered,  and  an  analysis  and  summary  of  results  for  each 
model  formulation  are  presented. 

7.1  Resource  Model  Application 

Each  resource  allocation  model  described  in  the 
previous  chapters  was  tested  using  data  supplied  by  3246  TW 
Plans  and  Programs  (XPP)  office.  The  data,  taken  from  the 
Management  Information  System  (MIS)  of  RESOMS,  spans  a  three 
week  period  in  February  1992.  This  period  was  chosen  due  to 
the  high  volume  of  test  mission  requests  and  associated  non- 
scheduled  information  that  normally  typifies  such  times  of 
the  year  (21).  The  data  was  comprised  of  all  open-air 
missions  requesting  range  resources  for  specified  days  in 
the  three  week  period.  Also  included  in  this  data  was 
whether  or  not  a  mission  was  scheduled,  non-scheduled,  or 
canceled  during  this  time  frame  (see  Appendix  D  and  G  for 
input  data) . 


7.1.1  GAMS  (General  Algebraic  Modeling  System).  GAMS 
was  the  programming  language  used  to  model  each  resource 
allocation  formulation  described  in  the  previous  chapters. 


58 


Offering  a  full  complement  of  mathematical  relationships 
that  can  concisely  represent  complex  algebraic  relationships 
in  a  simple,  easily  modifiable  manner,  it  was  ideally  suited 
for  modeling  each  resource  allocation  formulation  (see 
Appendix  C  for  overall  GAMS  source  code) . 

7.1.2  GAMS/ZOOM  (Zero/One  Optimization  Method). 

Currently,  the  most  accessible  IP  solver  sr.itable  for 
use  with  GAMS  is  called  GAMS/ZOOM.  An  adaptation  of  ZOOM, 
this  problem  solver  uses  a  combination  of  complementing 
solution  approaches  to  systematically  find  solutions  to 
medium-sized  problems  such  as  those  pertaining  to  each 
resource  allocation  model.  With  a  solution  tolerance  level 
set  to  .05  for  each  model,  GAMS/ZOOM  was  quickly  able  to 
find  feasible  integer  solutions  that  fell  within  5%  of  the 
upper  bound  LP  relaxation  solutions  for  each  resource 
allocation  problem.  On  a  Digital  Equipment  Corporation  (DEC) 
VAX  8550  with  64  megabytes  of  main  memory,  the  average  cpu 
time  was  less  than  five  minutes  for  each  model  and  given  set 
of  TW  data . 

7.2  Problems  Encountered 

A  few  problem  situations  were  encountered  before  and 
during  the  testing  process.  These  areas  had  a  direct  effect 
on  each  model's  outcome  and  are  addressed  here  for  future 
reference . 
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7.2.1  Training  Missions.  Aircraft  used  on  multiple 
short-duration  training  missions  do  not  fit  the  "maximum  of 
two  missions  a  day"  assumption  made  in  the  aircraft 
formulation.  In  many  instances,  the  same  aircraft  used  on 
one  training  mission  was  repeatedly  used  up  to  two  or  three 
more  times  on  other  training  missions  throughout  the  day 
(21).  Hence,  their  input  data  had  to  be  modified  slightly  to 
reflect  this  usage  without  invalidating  the  Aircraft  Model. 
To  prevent  multiple  short-duration  training  missions  from 
being  allocated  a  disproportionate  number  of  available  TW 
aircraft  in  either  of  the  two  periods  of  the  Aircraft  Model, 
only  the  first  in  a  string  of  related  training  missions 
could  request  a  TW  aircraft  (reflected  in  the  input  data) . 

In  this  manner,  the  "general"  aircraft  allocated  to  training 
missions,  could  be  accounted  for  in  the  allocation  process, 
while  all  training  missions  show  up  as  being  scheduled  in 
the  model  results. 

7.2.2  Alternate  Test  Mission  Requests.  As  briefly 
discussed  in  Chapter  1,  a  number  of  Alternate  Test  Missions 
are  commonly  requested  and  scheduled  on  any  particular  day. 
Current  TW  procedure  is  to  list  these  missions  as  scheduled, 
even  though  they  are  not  allocated  any  resources,  but 
instead,  stand-by  to  use  resources  allocated  to  a  primary 
mission  in  the  event  that  it  cancels.  Unless  deleted  from 
the  input  data  used  to  test  each  resource  allocation  model. 
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the  presence  of  these  missions  causes  a  discrepancy  between 
the  capacity  calculated  by  each  model  and  the  number 
reported  as  "actually  scheduled".  For  in  effect,  Alternate 
Missions  "double  book"  an  assortment  of  resources  which 
invariably  prevents  a  number  of  other  missions  from  being 
scheduled  by  the  three  models.  Therefore,  a  true  indication 
of  range  capacity  cannot  be  determined  unless  Alternate 
Missions  are  excluded  from  the  TW  data  sets. 

In  the  TW  data  sets  provided,  no  distinctions  were  made 
between  Alternate  Mission  and  Backup  Mission  data.  Both 
types  of  missions  were  simply  listed  as  canceled  Backup 
Missions  in  each  of  the  data  sets.  Hence,  to  ensure  all 
Alternate  Mission  requests  were  excluded  from  a  given  set  of 
TW  data,  it  was  necessary  to  exclude  all  missions  listed  as 
canceled  Backup  Missions. 

7.3  Analysis  and  Summary  of  Sesults 

The  following  sections  report  results  obtained  in 
testing  each  resource  allocation  model.  Two  sets  of  TW  data 
were  used  in  this  process:  a  complete  set  of  all  missions 
requested  including  Backup  and  Alternate  Missions,  and  a 
modified  set  of  missions  requested  that  excluded  these  types 
of  missions  from  each  data  set  (see  Appendix  D) . 

In  the  testing  process,  the  number  of  zero/one 
variables  used  by  each  model  noticeably  affected  their 
solution  times.  As  this  number  increased  from  the  Aircraft 
to  the  Radar  to  the  Range  Area  Model  (due  to  the  increase  in 
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time  periods  specified) ,  the  time  required  to  find  a 
feasible  solution  in  each  instance  also  increased. 
Nevertheless,  total  solution  time  for  all  three  models  and  a 
given  data  set  never  took  more  than  approximately  10  minutes 
of  cpu  time  on  a  VAX  8550  computer.  This  however,  does  not 
necessarily  mean  that  other  data  sets  can  also  be  solved  in 
such  an  expedient  manner.  Larger  or  more  complicated  data 
sets  may  take  considerably  longer  to  solve.  A  tighter 
tolerance  criteria  specified  for  the  solution  could  likewise 
slow  down  the  process  (refer  back  to  7.1.2). 

Note  that,  since  mission  priorities  were  not  modeled, 
no  correlation  exists  between  missions  that  were  actually 
non-scheduled  and  those  non-scheduled  by  the  each  allocation 
model  (see  Appendix  G  and  H) . 

7.3.1  Aircraft  Allocation  Model.  Table  7.1  on  the 
following  page,  displays  results  summarizing  the  Aircraft 
Model's  performance  when  tested  with  data  sets  that  included 
Backup  and  Alternate  Test  Mission  requests.  In  four 
instances  highlighted  in  the  table,  the  number  of  missions 
classified  as  scheduled  by  the  TW  exceeded  the  "upper  bound" 
number  of  missions  determined  by  the  Aircraft  Model. 


62 


TABLE  7.1 


AIRCRAFT  ALLOCATION  MODEL  RESULTS 
(Using  Complete  Mission  Data  Sets) 


Date 

Total  #  of 
Missions 

Total  #  of 

NS  Missions 

Total  # 
Scheduled 

Aircraft 
Model  Results 

Diff 

03Feb 

66 

10 

56 

65 

9 

04  Feb 

70 

13 

57 

65 

8 

OSFeb 

72 

6 

66 

65 

• 

-1 

06Feb 

74 

7 

67 

66 

* 

-1 

07Feb 

70 

9 

61 

66 

5 

lOFeb 

75 

4 

71 

71 

0 

llFeb 

80 

5 

75 

72 

* 

-3 

12Feb 

83 

11 

72 

78 

6 

13Feb 

87 

11 

76 

82 

6 

14Feb 

80 

10 

70 

75 

5 

18Feb 

68 

7 

61 

62 

1 

19Feb 

81 

4 

77 

77 

0 

20Feb 

71 

4 

67 

64 

• 

-3 

21Feb 

72 

7 

65 

66 

1 

On  the  next  page,  Table  7.2  summarizes  the  test  results 
after  the  data  sets  were  modified  to  exclude  all  canceled 
test  missions  requests,  the  majority  of  which  were  Backup 
and  Alternate  Mission  cancellations.  By  doing  so,  the 
Aircraft  Model  correctly  reported  an  upper  bound  on  missions 
actually  scheduled.  On  average,  the  model  allocated  an 
additional  4.9  missions  more  than  what  was  actually 
scheduled . 


63 


TABLE  7.2 


AIRCRAFT  ALLOCATION  MODEL  RESULTS 
(Using  Reduced  Mission  Data  Sets) 


Date 

Total  t  of 

NC  Missions 

Total  of 

NS  Missions 

Total  n 
Scheduled 

Aircraft 
Model  Results 

Diff 

03Feb 

57 

10 

47 

56 

9 

04Feb 

56 

13 

43 

53 

10 

OSFeb 

54 

6 

48 

51 

3 

06Feb 

56 

7 

49 

50 

1 

07Feb 

46 

9 

37 

43 

6 

lOFeb 

58 

4 

54 

54 

0 

llFeb 

60 

5 

55 

57 

2 

12Feb 

63 

11 

52 

63 

11 

13Feb 

67 

11 

56 

64 

8 

14Feb 

55 

10 

45 

52 

7 

ISFeb 

48 

7 

41 

44 

3 

19Feb 

56 

4 

52 

54 

2 

20Feb 

52 

4 

48 

49 

1 

21Feb 

50 

7 

43 

48 

5 

In  comparing  the  two  aircraft  tables,  Canceled  Mission 
data  significantly  affected  the  perceived  quality  of  the 
model  outcome.  Therefore,  given  that  a  large  proportion  of 
canceled  mission  data  is  made  up  of  Alternate  Missions 
cancellations,  then  the  Aircraft  Allocation  Formulation,  as 
modeled,  appears  to  generate  a  legitimate  upper  bound  on  the 
number  of  missions  that  could  possibly  be  scheduled  in  any 
of  the  TW  data  sets. 
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7.3.2  Radar  Allocation  Model.  Below  in  Table  7.3,  are 
results  summarizing  the  Radar  Allocation  Model's  performance 
using  the  same  complete  sets  of  data  used  in  testing  the 
Aircraft  Model.  In  only  one  case,  highlighted  below,  did  the 
model's  upper  bound  on  range  capacity  fail  to  equal  or 
exceed  the  number  of  missions  classified  as  scheduled  by  the 


TABLE  7 . 3 

RADAR  ALLOCATION  MODEL  RESULTS 
(Using  Complete  Mission  Data  Sets) 


Total  #  of 
Missions 


Total  #  of 
NS  Missions 


Total  # 
Scheduled 


Radar 

Model  Results 


03  Feb 


04Feb 


OSFeb 


06Feb 


07Feb 


lOFeb 


llFeb 


12Feb 


13Feb 


14Feb 


18Feb 


19Feb 


20Feb 


21Feb 


In  Table  7.4  the  data  sets  have  again  been  modified  to 
exclude  all  canceled  test  mission  requests.  As  a  result,  the 


Radar  Model  was  able  to  generate  upper  bounds,  that  equaled 
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or  exceeded  the  number  of  actually  scheduled  missions  in  all 
14  TW  data  sets.  On  average,  the  difference  between  the 
upper  bound  and  the  number  actually  scheduled  was  5.9 
missions . 


TABLE  7.4 


RADAR  ALLOCATION  MODEL  RESULTS 
(Using  the  Reduced  Mission  Data  Sets) 


Date 

Total  #  of 

NC  Missions 

Total  #  of 

NS  Missions 

Total  i 
Scheduled 

Radar 

Model  Results 

Diff 

03Feb 

57 

10 

47 

57 

10 

04Feb 

56 

13 

43 

54 

11 

05Feb 

54 

6 

48 

53 

5 

06Feb 

56 

7 

49 

54 

5 

07Feb 

46 

9 

37 

46 

9 

lOFeb 

58 

4 

54 

58 

4 

llFeb 

60 

5 

55 

57 

2 

12Feb 

63 

11 

52 

62 

10 

13Feb 

67 

11 

56 

64 

8 

14Feb 

55 

10 

45 

51 

6 

ISFeb 

48 

7 

41 

47 

6 

19Feb 

56 

4 

52 

54 

2 

20Feb 

52 

4 

48 

49 

1 

21Feb 

50 

7 

43 

47 

4 

As  in  the  Aircraft  Model,  canceled  mission  data 
significantly  affected  the  Radar  Model's  outcome,  again 
suggesting  that  a  large  portion  of  this  data  was  possibly 
made  up  of  Alternate  Mission  cancellations.  With  this  input 
data  modification,  the  Radar  Model  seemed  to  generate 
legitimate  upper  bounds  on  the  number  of  missions  that  could 
possibly  be  scheduled  in  any  of  the  TW  data  sets. 
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7.3.3  Range  Area  Allocation  Model.  Below  in  Table  7.5 
are  results  summarizing  the  Range  Area  Allocation  model's 
performance  using  the  same  complete  sets  of  TW  data 
previously  used  by  the  other  two  models.  Again,  as  in  the 
other  models,  the  Range  Area  Model  generated  some  upper 
bounds  that  did  not  equal  or  exceed  the  number  of  missions 
classified  as  scheduled  by  the  TW. 


TABLE  7.5 

RANGE  AREA  ALLOCATION  MODEL 
(Using  the  Complete  Mission  Data  Sets) 


Date 

Total  #  of 
Missions 

Total  #  of 

NS  Missions 

Total  # 
Scheduled 

Range  Area 
Model  Results 

Diff 

03  Feb 

66 

10 

56 

65 

9 

04  Feb 

70 

13 

57 

60 

3 

05  Feb 

72 

6 

66 

67 

1 

06  Feb 

74 

7 

67 

65 

*-2 

07  Feb 

70 

9 

61 

69 

8 

lOFeb 

75 

4 

71 

72 

1 

llFeb 

80 

5 

75 

72 

*-3 

12Feb 

83 

11 

72 

75 

3 

13  Feb 

87 

11 

76 

82 

6 

14Feb 

80 

10 

70 

72 

2 

ISFeb 

68 

7 

61 

64 

3 

19  Feb 

81 

4 

77 

72 

*-5 

20  Feb 

71 

4 

67 

60 

*-7 

21  Feb 

72 

7 

65 

67 

2 

In  Table  7.6,  the  test  data  was  once  again  modified  to 
excluded  all  canceled  test  mission  requests.  However,  unlike 
the  other  two  model  results,  the  Range  Area  Model  was  again 
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unable  to  generate  upper  bounds  that  equal  or  exceed  all 
numbers  of  actually  scheduled  missions.  Although  the  model 
improved  markedly  over  results  found  in  Table  7.5,  it  still 
failed  to  provide  upper  bounds  to  the  number  of  scheduled 
missions  in  two  instances  highlighted  below. 


TABLE  7.6 

RANGE  AREA  ALLOCATION  MODEL 
(Using  the  Reduced  Mission  Data  Sets) 


Date 

Total  #  of 

NC  Missions 

Total  #  of 

NS  Missions 

Total  # 
Scheduled 

Range  Area 
Model  Results 

Diff 

03  Feb 

57 

10 

47 

56 

9 

04Feb 

56 

13 

43 

52 

9 

05Feb 

54 

6 

48 

51 

3 

06Feb 

56 

7 

49 

52 

3 

07Feb 

46 

9 

37 

46 

9 

lOFeb 

58 

4 

54 

58 

4 

llFeb 

60 

5 

55 

54 

* 

-1 

12Feb 

63 

11 

52 

61 

9 

13Feb 

67 

11 

56 

65 

9 

14Feb 

55 

10 

45 

53 

8 

18  Feb 

48 

7 

41 

48 

7 

19Feb 

56 

4 

52 

54 

2 

20Feb 

52 

4 

48 

47 

ft 

-1 

21Feb 

50 

7 

43 

48 

5 

As  in  previous  models,  canceled  mission  data  affected 
the  Range  Area  Model's  outcome.  Without  its  inclusion  the 
model  performed  significantly  better,  however,  not  well 
enough  in  all  cases  as  noted  in  Table  7.6.  Hence,  the  Range 
Area  Allocation  Formulation,  as  presently  modeled,  should 
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not  be  used  to  help  specify  an  upper  bound  on  the  number  of 
missions  that  can  possibly  be  scheduled  in  a  given  set. 

One  reason  for  its  demise,  may  possibly  be  attributed 
to  the  number  of  time  periods  specified  in  the  formulation. 
For  example,  if  the  number  of  periods  is  increased  from 
seven  to  eight,  the  model's  estimate  of  capacity  exceeds  the 
number  of  scheduled  missions  in  every  data  set  tested. 
However,  with  eight  time  periods  per  range  area,  the  model 
is  also  able  to  support  all  the  requested  missions  in  every 
set,  thus  generating  seemingly  unrealistic  results. 
Therefore,  in  comparing  results  when  different  numbers  of 
periods  are  specified,  it  may  be  that  some  range  areas  can 
support  eight  missions  a  day  while  others  can  support  only 
seven . 

7.4  Final  Result 

On  the  next  page.  Figure  7.1  displays  the  final  overall 
test  results  for  the  modified  sets  of  TW  data.  This  figure 
consolidates  results  from  the  Aircraft  and  Radar  Allocation 
Models  and  compares  them  against  the  actual  numbers  of 
missions  scheduled.  In  addition,  total  missions  available 
for  scheduling  (maximum  daily  capacity)  is  provided  in  the 
background  for  reference.  Note  that  the  consolidated  model 
results  simply  represents  the  least  of  the  two  upper  bounds 
determined  by  each  resource  allocation  model  and  given  set 
of  TW  data. 
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Number  of  Missions  Scheduled 


Figure  7 . 1  Upper  Bound  Esbimabes  on  Range  Capacity  vs 
Actual  Numbers  of  Missions  Scheduled. 


As  depicted  above,  at  no  time  were  either  the  Aircraft 
or  Radar  Model  able  to  allocate  resources  to  every  test 
mission  within  a  given  data  set.  However,  for  the  most  part, 
they  were  able  to  generate  bounds  close  to  what  was  actually 
scheduled  by  the  TW.  Hence,  they  seem  to  provide  legitimate 
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upper  bounds  for  each  set  of  TW  data.  Also,  note  that  the 
darken  portion  above  the  number  of  missions  actually 
scheduled  represents  an  estimate  of  the  number  of  additional 
missions  these  two  resources  were  capable  of  supporting,  and 
not  of  excess  capacity.  For  instance,  if  the  set  of 
scheduled  missions  on  any  given  day  includes  a  few  high 
priority  missions  that  require  a  large  number  of  aircraft, 
the  model  results  may  indicate  that  more  missions  (possibly 
requiring  fewer  aircraft  per  mission)  could  have  been 
scheduled  if  priorities  were  ignored. 
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8.  Conclusions  and  Recommendations 


Eglin's  Test  Range  Capacity  is  not  a  number  that  one 
simply  can  put  their  finger  on  and  state  is  Egiin's  overall 
testing  capability,  but  rather  a  wide  ranging  variable  that 
changes  daily  depending  upon  the  number  and  types  of  test 
missions  being  requested.  Developing  a  method  to  determine 
this  daily  number  was  the  main  focus  of  this  study. 

8.1  Conclusions 

This  study  shows  that  it's  possible  to  mathematically 
model  the  allocation  of  TW  resources  to  test  missions  using 
zero/one  integer  programming.  In  such  models,  each  test 
mission  in  a  given  set,  is  restricted  to  one  of  a  number  of 
distinct,  non-overlapping  time  periods.  At  the  same  time, 
each  modeled  resource  can  only  be  allotted  to  one  test 
mission  in  each  of  these  periods.  Hence,  to  be  scheduled,  a 
test  mission  must  be  able  to  receive  all  it's  requested 
resources  in  one  of  the  given  periods.  In  maximizing  the 
number  of  missions  scheduled,  a  zero/one  decision  variable 
assigned  to  each  test  mission  in  the  set,  signifies  whether 
or  not  a  mission  was  successful  in  this  endeavor. 

The  number  of  periods  specified  in  the  above  manner, 
determines  the  number  of  times  each  resource  could  be 
allocated  in  a  day,  thus  allowing  present  operational  usage 
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of  range  resources  to  be  accurately  modeled.  Therefore,  with 
two  time  periods  specified  in  the  Aircraft  Model,  each  TW 
aircraft  was  limited  to  supporting  no  more  than  two  separate 
test  missions  per  day,  while,  TW  radars  and  range  areas  were 
restricted  to  five  and  seven  test  missions  respectively,  due 
to  the  number  of  time  periods  specified  in  their  models . 

The  maximum  number  of  missions  that  possibly  could  be 
scheduled  in  a  given  set  (range  capacity)  could  then  be 
estimated  by  each  of  the  three  resource  allocation  models. 
The  lowest  number  of  scheduled  missions  produced  by  one  of 
the  models  then  becomes  the  upper  bound  on  range  capacity. 

No  additional  missions  beyond  this  number  can  be  scheduled 
due  to  the  non-availability  of  one  of  the  modeled  resources. 

Using  the  above  approach,  the  three  resource  allocation 
models  developed  in  this  study  fared  reasonably  well  in 
actual  testing.  However,  on  two  of  fourteen  days  of  test 
data,  the  Range  Area  Model  gave  solution  values  which  did 
not  equal  or  exceed  the  number  of  missions  actually 
scheduled.  Therefore,  in  its  present  form,  it  should  not  be 
used  to  help  establish  an  upper  bound  on  range  capacity.  On 
the  other  hand,  the  Aircraft  and  Radar  Models,  produced 
results  that  appear  to  be  legitimate  upper  bounds  for  the 
given  TW  data  sets.  However,  more  testing  needs  to  be  done 
to  confirm  the  validity  of  the  modeling  assumptions  inherent 
in  these  models,  as  well  as,  to  determine  if  other 
situations,  not  presently  addressed,  need  to  be  included  in 
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either  model  formulation. 


One  notable  problem  that  surfaced  while  testing  the 
Aircraft  Allocation  Model  concerned  training  mission 
requirements.  It  was  discovered  that  training  missions  do 
not  follow  the  "two  missions"  a  day  assumption  made  in  the 
model  formulation,  hence,  their  inclusion  in  the  mission 
data  sets  produced  some  erroneous  results  for  the  Aircraft 
Model.  However,  by  manipulating  the  data  so  that  only  the 
first  in  a  string  of  training  missions  was  allocated  a  TW 
aircraft,  the  problem  seems  to  be  solved.  Nevertheless, 
further  testing  of  the  Aircraft  Model  is  necessary  in  order 
to  verify  this  solution  approach. 

One  problem  that  affected  all  three  models  during  the 
testing  phase,  involved  Alternate  Mission  requests  in  the 
mission  data  sets.  Although  regarded  as  "scheduled"  missions 
by  the  TW,  these  missions  were  not  allocated  any  resources 
and  thus,  should  not  be  included  in  the  mission  data  sets 
used  to  test  each  resource  allocation  model.  However,  in 
eliminating  these  missions  from  the  TW  data  provided,  it  was 
not  possible  to  distinguish  whether  or  not  a  mission  was  an 
Alternate  or  a  Backup.  Consequently,  all  Backup  missions 
were  also  eliminated  from  each  set  of  TW  data.  Therefore, 
additional  testing  using  data  sets  that  exclude  only 
Alternate  missions  is  recommended. 

Hence,  although  the  Aircraft  and  Radar  Allocation 
Models  appear  to  accurately  estimate  daily  range  capacity. 
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further  testing  is  recommended  in  order  to  verify  their 
applicability  in  all  situations. 

8 . 2  Add! ti onal  Reconmenda ti ons 

In  their  present  form,  both  the  Aircraft  and  Radar 
Allocation  models  could  be  used  as  an  aid  to  schedulers  or 
decision  makers  in  the  scheduling  process.  The  partitioning 
of  test  missions  into  different  time  periods  throughout  the 
day  could  help  in  sequencing  or  arranging  missions  so  that 
the  majority  in  a  given  set,  can  be  scheduled.  It  can  also 
be  used  to  identify  missions  (tnose  non-scheduled  by  either 
model)  that  conflict  with  others  within  the  set  so  that 
appropriate  action  can  be  taken.  In  addition,  the  models  can 
also  be  used  to  forecast  upcoming  workload  capabilities  so 
that  test  engineers  can  make  a  more  informed  decision  on 
whether  or  not  to  request  a  particular  day  for  testing. 

Although  the  Aircraft  and  Radar  Allocation  Models 
produce  reasonable  upper  bound  values  on  daily  range 
capacity,  a  single  model  that  includes  these  two  resource 
categories  and  possibly  several  others,  should  be  developed. 
Such  a  model  would  produce  a  more  refined  upper  bound  on 
range  capacity,  thus,  provide  a  sharper  picture  of  test 
range  capabilities,  as  well  as,  information  on  how  resources 
interact  within  the  allocation  process. 

To  determine  true  range  capacity,  a  model  that 
considers  the  allocation  of  every  range  resource  is  needed. 
However,  because  there's  no  practical  way  of  getting  timely 
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solutions  from  such  an  all-inclusive  (resource)  model  a 
lesser  model  that  considers  only  a  few  of  the  most  schedule - 
limiting  TW  resources,  as  discussed  above,  is  more 
appropriate  and  probably  just  as  effective. 

Besides  refining  daily  range  capacity  estimates,  a 
multi -resource  model  could  possibly  be  used  to  aid  in  the 
daily  scheduling  process.  In  addition,  test  mission 
priorities  could  be  incorporated  by  assigning  a  cost 
coefficient  (ranking)  to  each  test  mission  in  the  model's 
objective  function.  Thus,  the  effect  of  mission  priorities 
on  the  number  of  scheduled  missions  could  be  studied. 
Additionally,  the  difference  between  the  upper  bounds 
generated  by  such  a  model  and  the  number  of  missions 
actually  scheduled  by  the  TW  could  also  be  studied  to  see  if 
such  a  difference  would  equate  to  excess  capacity. 

Ultimately,  a  multi -resource  model  would  be  beneficial 
in  any  future  studies  relating  to  test  range  expansion  or 
consolidation  of  testing  capabilities  from  elsewhere  to 
Eglin.  Given  some  expected  or  representative  sets  of  test 
mission  data,  the  model  would  be  able  to  discern  whether  or 
not  the  capability  exists  to  support  additional  testing.  In 
the  same  regard,  if  some  TW  resources  were  eliminated  a 
m.ulti- resource  model  could  be  used  to  study  what  testing 
capabilities  will  be  lost. 
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List  of  Acronyms 


ALE- 4 7 

ALR-56 

AMRAAM 

ATARS 

BASES 

CBU97 

DUAL- POLE 

FPQ 

EPS 

GB 

GBCN 

GPS 

HARP 

I - HAWK 

IDL 

JTIDS 

MPS 

MSIP 

OBEWS 

OFP 

PMARBLE 

RDIP 

RIP 

RLGN 

SADS 

SE 

TEWS 

TRR 

TTRV 

WEST 

Z-1 


Piloted  Aircraft  Counter-Measure  Ejector 
(Chaff  Dispenser) 

Piloted  Aircraft  Counter-Measure  Receiver 
(Jamming  Pod) 

Advance  Medium  Range  Air-to-Air  Missile 

Advanced  Tactical  Air  Reconnaissance  System 

Beam  Approach  Seeker  Evaluation  System 

Cluster  Bomb  Unit 

Dua]  Polarization  Mission 

Fixed  Radar  -  Special 

Fixed  Radar  -  Search 

Golden  Bird 

(Airborne  Threat  Simulating  Aim  7  Missile) 

Internal  G-Band  Beacon 

G-Pod  Integration  System 

High  Altitude  Release  Plane 

Improved  HAWK 

Improved  Data  Link 

Joint  Tactical  Information  Distribution  System 

Mobile  Radar  -  Search 

Multi -Staged  Improvement  Program 

On  Board  Electronic  Warfare  Simulator 

Operational  Flight  Program 

Peace  Marble  Mission 

Radar  Diagnostic  Instrumentation  Pod 

Ripple  Mission 

Ring  Laser  Gyro  Navigation 

Simulated  Air  Defense  System 

Seek  Eagle  Mission 

Tactical  Electronic  Warfare  System 
Target  Ranging  Radar 
Target  Tracking  Radar  -  Vertical 
Weapons  Effectiveness  Simulated  Threat 
Software  Package  Onboard  some  Aircraft 


77 


Appendix  A:  3246  Test  Wing  Aircraft,  Radar,  and 
Range  Area  Resources  (as  of  Feb  92) 


TABLE  A.l 


3246  TEST  WING  F16  AIRCRAFT  RESOURCES 

_ _ (3246  TW/DOS) 


g 

IBi 

s 

Type 

Description 

g  =  " 

S  =  " 

general"  resource  group 
Specific"  resource  within  group 

TAV„  =  Tot  #  Avail  in  g 

g 

1 

1 

1 

F16A 

#573 

**  FLUTTER/LOADS  ONLY 

2 

1 

2 

F16A 

#609 

**  RLG,  RDIP  ONLY 

3 

1 

3 

F16A 

#1123 

**  FLUTTER/LOADS  ONLY 

4 

1 

4 

F16C 

#353 

**  FLUTTER/LOADS,  PMARBLE  ONLY 

5 

F16A 

6 

F16A 

#1269 

GBCN,  OBEWS,  ANY 

7 

F16A 

#761 

ADF-AMRAAM,  AMR A AM,  Z-1, 

GPS,  HARP,  ANY 

8 

F16A 

#1163 

AMRAAM,  CBU97,  O^S,  ANY 

9 

F16B 

#1128 

Z-1,  ANY 

10 

F16B 

#1037 

GBCN,  ANY 

11 

F16B 

#90 

ANY 

12 

F16B 

#97 

ANY 

5 

20 

13 

F16B 

#413 

ANY 

14 

F16B 

#8101 

ANY 

15 

F16B 

#8104 

ANY 

16 

F16C 

#726 

ANY 

17 

F16C 

#1154 

ALR-56,  DUAL -POLE,  ANY 

18 

F16C 

#1212 

GBCN,  ANY 

19 

F16C 

#1280 

AMRAAil,  GPS,  TOY  STORE,  ANY 

20 

F16C 

#1285 

AMRAAM,  GPS,  TOY  STORE,  ANY 

21 

F16C 

#2000 

ANY 

22 

F16C 

#2070 

ALE-47,  ALR-56,  ANY 

23 

F16C 

24 

F16D 

#39 

OBEWS,  ANY 

TABLE  A. 2 


3246  TEST  WING  F15  AIRCRAFT  RESOURCES 
_ _ (3246  TW/DOS) 


g 

s 

. 

Type 

Description 

g  =  " 
S  =  " 

general " 
specific 

resource  group 
'  resource  within  g 

TAV^  =  rot  S  Avail  in  g 

6 

1 

25 

— 

F15B 

#114 

**  MS IP  ONLY 

26 

F15A 

#11 

JTIDS,  ANY 

27 

F15A 

#64 

GB,  ANY 

28 

F15A 

#65 

ANY 

29 

F15A 

#80 

TEWS,  GPS,  ANY 

30 

F15A 

#101 

JTIDS,  GPS,  ANY 

31 

F15B 

#84 

ANY 

32 

F15B 

#5080 

MULTIPLEX  POD,  ANY 

7 

15 

33 

F15C 

#18 

AMRAAM,  MSIP,  GB,  GPS,  ANY 

34 

F15C 

#542 

TEWS,  ANY 

35 

F15C 

#5126 

AMRAAM,  GB,  GPS,  ANY 

36 

F15C 

#468 

ANY 

37 

F15D 

#45 

AMRAAM,  MSIP,  GB,  GPS,  ANY 

38 

F15D 

#161 

AIM  7/GB,  GPS,  ANY 

39 

F15E 

#185 

TEWS,  SE,  IDL,  RIP,BAU,ANY 

40 

F15E 

#188 

TEWS,  SE,  IDL,  RIP,BAU,ANY 
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TABLE  A. 3 


3246  TEST  WING  AIRCRAFT  RESOURCES  -  MISC. 
_ _ (3246  TW/DOS) 


g 

H91 

s 

Type 

Description 

g  = 
S  = 

"general"  resource  group 
"specific"  resource  within  g 

TAV  =  Tot  S  Avail  in  g 

41 

FlllE 

#115 

FLUTTER,  ANY 

8 

3 

42 

FlllE 

#118 

MIXED  LOADS,  ANY 

43 

FlllE 

#58 

ANY 

44 

F4E 

#389 

ANY 

45 

F4E 

#438 

ANY 

46 

F4E 

#529 

ANY 

y 

o 

47 

F4E 

#144 

ANY 

48 

F4D 

#700 

ANY 

49 

RF4C 

#452 

ATARS 

10 

2 

50 

RF4C 

#464 

ATARS 

11 

1 

51 

C130A 

#22 

ANY 

52 

UHIN 

#6617 

BASES,  ANY 

12 

2 

53 

UHIN 

#6626 

BASES,  ANY 

TABLE  A. 4 

TANKER  AIRCRAFT  RESOURCES  (Contracted) 


g 

ESI 

s 

Type 

Description 

g  =  "general"  resource  group  TAV^  =  Tot  #  Avail  in  g 

s  =  "specific"  resource  within  g 

13 

1(4) 

54 

KCIO 

Each  KCIO  can  support  four 
test  missions  per  period 

14 

1(2) 

55 

KC135 

Each  KC135  can  support  two 
test  missions  per  period 
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TABLE  A. 5 


3246  TEST  WING  RADAR  RESOURCES 


(3246  TW  DOS) 


DESCRIPTION 


TAV„  =  Tot  n  Avail  in  g 

<j  J 


g 

s 

NAME 

'general"  resource  group 
’specific"  resource  within  g 


60 

A20FPQ13-17 

FPQ13  TRACKING  RADAR 

20 

4 

61 

A20FPQ16-20 

62 

A20FPQ16-31 

63 

A20FPQ16-32 

64 

A20FPQ16-42 

FPQ16  TRACKING  RADARS 

21 

1 

65 

C10FPS16-39 

22 

2 

66 

D3FPS16-23 

67 

D3FPS16-27 

23 

1 

68 

A3MPS19-125 

MPS19  TRACKING  RADARS 

69 

A3MPS19-161 

24 

2 

70 

A3SADS4B 

71 

A3SADS4C 

25 

1 

72 

A7SADS1 

26 

2 

AllSADSll 

wm 

A11SADS6 

75 

A13ASADS3 

SIMULATED  AIR  DEFENSE 

27 

3 

76 

A13ASADS5 

SYSTEMS  (SADS)  THREAT 

77 

A13ASADS8 

RADARS 

28 

1 

78 

A17SADS2 

29 

1 

79 

A21SADS4 

80 

A30SADS8R 

81 

A30FLYCATCHER 

MOBILE  THREAT  RADAR 

82 

A30ROLND 

SYSTEMS 

30 

3 

83 

A30XM40 

SIMULATION  THREAT  RADAR 

84 

A30WESrilB 

\mm 

1 

85 

A21WEST15 

86 

B1WEST3 

32 

2 

87 

B10WEST4B 

WEAPONS  EFFECTIVENESS 

88 

B10WEST5 

SIMULATOR  THREAT  (WEST) 

89 

A12WEST10 

RADAR  SYSTEMS 

33 

2 

90 

A12WEST11B 

A12WEST1A 


A13MPQ46 


A13NIKETRR 

A13NIKETTRV 


MPQ46  I -HAWK  RADAR 


NIKE -HERCULES  RANGE 
AND  TRACKING  RADARS 


TABLE  A. 6 


3246  TEST  WING  OVERWATER  TEST  AREAS 


(3246  TW  DOS) 


g 

TAV 

_ a _ 

s 

Name 

Description 

g  =  "general" 

resource  group 

TAV^  =  Tot  iJ  Avail  in  g 

s  =  " 

specific" 

resource  within  g 

40 

2 

100 

W151S1 

101 

W151S2 

SHORELINE 

41 

2 

102 

W151S3 

TEST  AREAS 

103 

W151S4 

104 

W151A1 

42 

3 

105 

W151A3 

106 

W151A5 

107 

W151A2 

43 

3 

108 

W151A4 

109 

W151A6 

110 

W151B1 

44 

3 

111 

W151B2 

112 

W151B4 

2 

113 

W151B3 

OVERWATER 

■H 

114 

W151B5 

TEST  AREAS 

46 

2 

115 

W151C1 

116 

W151C3 

47 

2 

117 

W151C2 

118 

W151C4 

48 

2 

119 

W151D1 

120 

W151D3 

49 

2 

121 

W151D2 

122 

W151D4 

123 

W470A 

124 

W470B 

TYNDALL  AFB 

50 

5 

125 

W470C 

TRAINING  AREAS 

126 

W470D 

127 

W470E 

128 

W168A 

AIR  FORCE 

51 

3 

129 

W168B 

TRAINING 

130 

W168C 

AREAS 

52 

1 

131 

W174 

NAVY  TRAINING 

53 

1 

132 

W155 

AREAS 

54 

1 

133 

EWTA2 

55 

1 

134 

EWTA3 

ADDITIONAL 

56 

1 

135 

EWTA4 

OVERWATER 

57 

1 

136 

EWTA5 

TEST  AREAS 

TABLE  A. 7 


3246  TEST  WING  OVERLAND  TEST  AREAS 
_ (3246  TW  DOS) 


g 

s 

Name 

Description 

g  “  “general"  resource  group 

TAV  ^  Tot  t  Avvail  in  g 

s  =  "specific"  resource  within  g 

140 

A73 

AIR-TO-GROUND 

58 

3 

141 

All 

TACTICAL  TRAINING  AREAS 

142 

A78 

59 

1 

143 

A79 

SIDE  FIRING  WEAPON 

SYSTEM  TEST  AREA 

60 

1 

144 

B70 

AIR-TO-GROUND  TEST  AREA 

61 

1 

145 

B71 

BOMB  TEST  AREA 

62 

1 

146 

B75 

AIR-TO-GROUND  TEST  AREA 

147 

C52A 

63 

1 

148 

C52C 

C52  BOMB  TEST  AREAS 

149 

C52N 

64 

1 

150 

C53 

65 

1 

151 

C62 

AIR-TO-GROUND  TEST  AREAS 

66 

1 

152 

C72 

Appendix  B:  Linear,  Interactive  and  Discrete  Optimizer 

(UNDO)  Solutions  to  Chapter  3  Example  Problems 


B.l  LINDO  Solution  to  Aircraft  Allocation  Example  Problem  - 


MAX  Xll  +  X12  +  X13  +  X14  +  X15  +  X16  +  X17  +  X18  +  X19  + 

XllO  +  Xlll  +  X112  +  X113  +  X114  +  XllS  +  X116  +  X117  + 

X21  +  X22  +  X23  4-  X24  +  X25  +  X26  +  X27  +  X28  +  X29  + 

X210  +  X211  +  X212  +  X213  +  X214  +  X215  +  X216  +  X217 


SUBJECT  TO 

2)  X16  +  XllO  <=  1 

3)  X15  +  Xlll  <=  1 

4)  X15  +  XllO  <=  1 

5)  Xll  +  X17  +  X18  <=  1 

6)  Xll  +  X17  +  Xli3  <=  1 

7)  X14  +  X112  +  XllS  <=  1 

8)  X18  +  X114  <=  1 

9)  X12  +  X116  <=  1 

10)  X13  +  X116  <=  1 

11)  X26  +  X210  <=  1 

12)  X25  +  X211  <=  1 

13)  X2S  +  X210  <=  1 

14)  X21  +  X27  +  X28  <=  1 

15)  X21  +  X27  +  X213  <=  1 

16)  X24  +  X212  +  X215  <=  1 

17)  X28  +  X214  <=  1 

18)  X22  +  X216  <=  1 

19)  X23  +  X216  <=  1 

20)  2  Xll  +  X12  +  X13  +  2  X15  +  X17  +  2  Xi8  +  X19  + 

XllO  +  X113  +  X116  +  X117  <=  6 

21)  Xll  +  X12  +  3  X14  +  2  X16  +  2  X17  +  X18  +  XllO  + 

Xlll  +  X112  +  X113  +  2  X114  +  2  XllS  +  X116  +  X117  <=  6 

22)  X15  +  X19  +  Xlll  +  X112  +  X113  <=  2 

23)  X12  +  X13  +  X114  +  X116  +  X117  <=  2 

24)  X18  +  XllO  +  X113  +  X114  +  XllS  +  X116  <=  2 

25)  2  X21  +  X22  +  X23  +  2  X25  +  X27  +  2  X28  +  X29  + 

X210  +  X213  +  X216  +  X217  <=  6 

26)  X21  +  X22  +  3  X24  +  2  X26  +  2  X27  +  X28  +  X210  + 

X211  +  X212  +  X213  +  2  X214  +  2  X215  +  X216  +  X217  <=  6 

27)  X2S  +  X29  +  X211  +  X212  +  X213  <=  2 

28)  X22  +  X23  +  X214  +  X216  +  X217  <=  2 

29)  X28  +  X210  +  X213  +  X214  +  X215  +  X216  <=  2 

30)  Xll  +  X21  <=  1 

31)  X12  +  X22  <=  1 

32)  X13  +  X23  <=  1 

33)  X14  +  X24  <=  1 

34)  X15  +  X25  <=  1 

35)  X16  +  X26  <=  1 

36)  X17  +  X27  <=  1 

37)  X18  +  X28  <=  1 

38)  X19  +  X29  <=  1 

39)  XllO  +  X210  <=  1 

40)  Xlll  +  X211  <=  1 

41)  X112  +  X212  <=  1 

42)  X113  +  X213  <=  1 
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43) 

X114 

4- 

X214 

<  = 

44) 

X115 

+ 

X215 

<  = 

1 

45) 

X116 

X2ir 

<  = 

1 

46) 

X117 

f 

X217 

<  = 

1 

OBJECTIVE 

FUNCTION  VALUE 

VARIABLE 

VALUE 

X15 

1.000000 

X16 

1 . 000000 

X18 

1 . 000000 

X112 

1 . 000000 

X116 

1.000000 

X117 

1 . 000000 

X21 

1 . 000000 

X22 

1.000000 

X23 

1.000000 

X29 

1.000000 

X210 

1, ooocoo 

X211 

1.000000 

X215 

1.000000 

All  other  variables  =  0 


13 . 000000 

REDUCED  COST 
-1 . OOnoOO 
-1 , 000000 
-1.000000 
-1.000000 
-1.000000 
-1.000000 
-1 . 000000 
-1 . 000000 
-1 . 000000 
-1 , 000000 
-1.000000 
-1 . 000000 
-1 . 000000 

NO.  ITERATIONS^ 
BRANCHES=  0  DETERM 
BOUND  ON  OPTIMUM:  13 


50 

.=  1 
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B.2  LINDO  Solution  to  Radar  Allocation  Example  Problem 


MAX  Xll  +  X12  X13  +  X14  +  X15  +  X16  +  X17  +  X18  +  X19  +- 

XllO  +  Xill  +  X112  +  X113  +  X114  +•  X.115  +  Xllb  +  Xll7  + 

X21  +  X22  +  X23  +  X24  +  X25  X26  +  X2?  +  X2a  +  X29  + 

X210  +  X211  +  X212  +  X213  +  X214  +  X2i5  +  X216  +  X217  + 

X31  +  X32  +  X33  X34  +  X35  +  X36  +  X37  -t-  X38  -t-  X39  + 

X310  +  X311  +  X312  +  X313  +  X314  +  XJ15  +  X316  +  X317  + 

X41  +  X42  +  X43  +  X44  +  X45  +  X46  +  X47  X48  +  X49  + 

X410  +  X411  +  X412  +  X413  +  X414  +  X415  +  X416  +  X417 

X51  -I-  X52  +  X53  +  X54  +-  X55  +  x56  +  X57  +  X38  +  X59  + 

X510  +  X511  +  X512  +  X513  +  X514  -t-  XS15  +  X516  +  X517 

SUBJECT  TO 


1) 

Xll  +  X13  +  XllO 

<=  1 

2) 

X14  +  X15 

<=  1 

3) 

X21  +  X23  +  X210 

<=  1 

4) 

X24  +  X25 

<=  1 

5) 

X24  +  X28 

<=  1 

6) 

X29  +  X213  +  X216 

<=  1 

7) 

X211  +  X214 

<=  1 

3) 

X31  +■  X33  4-  X310 

<=  1 

9) 

X34  +  X3S 

<=  1 

10) 

X34  +  X38 

<=  1 

11) 

X39  +  X313  +  X316 

<=  1 

12) 

X311  +  X314 

<=  1 

13) 

X41  +  X43  +  X410 

<=  1 

14) 

X44  +  X45 

<=  1 

15) 

X44  4-  X48 

<=  1 

16) 

X49  +  X413  +  X416 

<=  1 

17) 

X411  +  X414 

<=  1 

18) 

3X11  +  3X12  +  X13 

+  2X15  +  X17  +  XllO  +  X112 

<ss 

4 

19) 

X13  +  X14  +  X15  + 

X16  +  X18  +  XllO  +  a114 

<  = 

1 

20) 

X14  +  X16  +  2X17  +  X18  +  3X19  +  xilO  +  2X111 

+ 

2X112  +  3X113  +  2X114  +  2X115  +  4X116  +  2X117  = 

0 

21) 

3X21  +  3X22  +  X23 

+  2X25  +  X27  +  X210  +  X212 

<  = 

4 

22) 

X23  +  X24  +  X25  + 

X26  +  X28  +  X210  +  X214 

<  = 

1 

23) 

X24  +  X26  +  X28  + 

2  X29 

<=r 

3 

24) 

2  X27  +  X29  +  X210  +  X211  +  3  X213  +  2  X216 

<  = 

3 

25) 

X211  +  2  X214  +  X215 

<  = 

2 

26) 

2  X212  +  X215  +  2 

X216  +  2  X217 

<  = 

2 

27) 

3X31  +  3X32  +  X33 

+  2X35  +  X37  +  X310  +  X312 

<  = 

4 

28) 

X33  +  X34  +  X35  + 

X36  +  X38  +  X310  +  X314 

<  = 

1 

29) 

X34  +  X36  +  X38  + 

2  X39 

<  = 

3 

30) 

2  X37  +  X39  +  X310 

+  X311  +  3  X313  +  2  X316 

3 

31) 

X311  +  2  X314  +  X315 

<  = 

2 

32) 

2  X312  +  X315  +  2 

X316  +  2  X317 

<  = 

2 

33) 

3X41  +  3X42  +  X43 

+  2X45  +  X47  +  X410  +-  X412 

<  = 

4 

34) 

X43  +  X44  +  X45  + 

X46  +  X48  +  X410  +  X414 

<  = 

1 

35) 

X44  +  X46  +  X48  + 

2  X49 

<  = 

3 
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36  ) 

37) 

38) 

39) 
4G  ) 

41) 

42) 

43) 

44  ) 

45  ) 

46  ) 

47) 

48) 

49) 

50) 

51) 

52) 

53) 

54) 

55) 

56) 

57) 

58) 

59) 

60) 
61) 


2  X47  +  X49  +  X410  +  X411  +  3  X413  +  2  X416  <= 
X411  +  2  X414  1-  X415  <  = 
2  X412  +  X415  +  2  X416  +  2  X417  <= 
3X51  +  3X52  +  X53  +  2X55  +  X57  +  X510  +  XS12  <= 
X53  +  X54  +  X55  +  X56  +  X58  +-  X510  +  X514  <  = 
X54  +  X56  +  X58  +  2  X59 

2  X57  +  X59  +  X510  +  X5H  +  3  X513  +  2  X5.16  <- 
X511  +  2  X514  4  X515  <= 
2  X512  +  X515  +  2  X516  +  2  X517  <= 
Xll  -t-  X21  +  X31  +  X41  +  X51  <  = 
X12  +  X22  +  X32  +  X42  +  X52  <= 
X13  +  X23  +  X33  -t-  X43  +  X53  <  = 
X14  +  X24  +  X34  +  X44  +  X54  <= 
X15  +  X25  +  X35  +  X45  +  X55  <= 
X16  +  X26  +  X36  +  X46  +  X56  <» 
X17  +  X27  +  X37  +  X47  +  X57  <= 
Xia  +  X28  +  X3a  +  X48  +  X58  <= 
X19  +  X29  +  X39  +  X49  +  X59  <= 
XllO  +  X210  +  X310  +  X410  +  X510  <= 
Xlil  +  X211  +  X311  +  X411  +  X511  <= 
X112  +  X212  +  X312  +  X412  +  X512  <= 
X113  +  X213  +  X313  +  X413  +  X513  <= 
X114  +  X214  +  X314  +  X414  +  X514  <= 
X115  +  X215  +  X315  +  X415  +  X515  <= 
X116  +  X216  +  X316  +  X416  +  X516  <= 
X117  +  X217  +  X317  +  X417  +  X517  <= 


3 
2 
2 

4 

3 

3 

2 

2 


1 

2 

1 

I 

1 

1 

1 


1 

1 

1 


OBJECTIVE  FUNCTION  VALUE  =  15.000000 

VARIABLE  VALUE  REDUCED  COST 


X13 

1.000000 

.000000 

X21 

1 . 000000 

.000000 

X26 

1.000000 

.000000 

X27 

1 . 000000 

.000000 

X215 

1 . 000000 

.000000 

X310 

1 . 000000 

.000000 

X316 

1 . 000000 

.000000 

X45 

1 . 000000 

.000000 

X413 

1 . 000000 

. 000000 

X417 

1 . 000000 

. 000000 

X52 

1 . 000000 

.000000 

X58 

1.000000 

.000000 

X59 

1 . 000000 

.000000 

X511 

1 . 000000 

.000000 

X512 

1 . 000000 

.000000 

All  other  variables  =0  NO.  ITERATIONS=  189 

BRANCHES^  12  DETERM. =  1 

BOUND  ON  OPTIMUM:  15 
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B.3  LINDO  Solution  to  Range  Area  Allocation  Example  Problem 


MAX  Xll  +  X12  +  X13  +  X14  +  Xi5  +  X16  +  X17  +  X18  +  X19  + 

XllO  +  Xill  +  X112  +  X113  +  X114  +  X115  +  X116  +  Xli7  ^ 

X21  +  X22  +•  X23  +  X24  +  X25  +  X26  +  X27  +  X28  +  X29  + 

X210  +  X211  +  X212  +  X213  +  X214  +  X215  +  X216  +  X217  + 

X31  +  X32  +  X33  +  X34  +  X35  +  X36  +  X37  +  X38  +  X39  + 

X310  +  X311  +  X312  +  X313  +  X314  -t-  X315  +  X316  +  X3i7 

X41  +  X42  +  X43  +  X44  +  X4 5  +  X46  +  X47  +  X48  +  X49  + 

X410  +  X411  +  X412  +  X413  +  X414  +  X415  +  X416  +  X417  + 

X51  +  X52  +  X53  +  X54  +  X55  +  X56  +  X57  +  X5B  +  X59  + 

X510  +  X511  +  X512  +  X513  +  X514  +  X515  +  X516  +  X517  + 

X61  +  X62  +  X63  +  X64  +  X65  +  X66  +  X67  +  X68  +  X69  + 

X610  +  X611  +  X612  +  X613  +  X614  +  X615  +  X616  +  X617  *• 

X71  +  X72  +  X73  +  X74  +  X75  +  X76  +  X77  +  X78  +  X79  + 

X710  +  X711  +  X712  +  X713  +  X714  +  X715  +  X716  +  X717 


SUBJECT  TO 

2)  Xll  +  X18  +  XllO  <=  1 

3)  Xll  +  X18  +  X116  <=  1 

4)  X12  +  X113  +  X115  <=  1 

5)  X13  +  X14  X16  +  Xlil  <=  1 

6)  X13  +  X14  +  X15  +  Xlll  +  X117  <=  1 

7)  X13  +  X16  +  Xlll  <=  1 

8)  Xll  +  X17  +  Xlll  +  X112  +  X117  <=  1 

9)  3X11+6X12+4X18+6X19+5X110+3X113+3X114+3X115+2X116  <=  6 

10)  X21  +  X28  +  X210  <=  1 

11)  X21  +  X28  +  X216  <=  1 

12)  X22  +  X213  +  X215  <=  1 

13)  X23  +  X24  +  X26  +  X211  <=  1 

14)  X23  +  X24  +  X2S  +  X211  +  X217  <=  1 

15)  X23  +  X26  +  X211  <=  1 

16)  X23  +  X27  +  X2il  +  X212  +  X217  <=  1 

17)  3X21+6X22+4X28+6X29+5X210+3X213+3X214+3X215+2X216  <=  6 

18)  X31  +  X38  +  X310  <=  1 

19)  X31  +  X38  +  X316  <=  1 

20)  X32  +  X313  +  X315  <=  1 

21)  X33  +  X34  +  X36  +  X311  <=  1 

22)  X33  +  X34  +  X35  +  X311  +  X317  <=  1 

23 )  X33  +  X36  +  X311  <=  1 

24)  X33  +  X37  +  X311  +  X312  +  X317  <=  1 

25)  3X31+6X32+4X38+6X39+5X310+3X313+3X314+3X315+2X316  <=  6 

26)  X41  +  X48  +  X410  <=  1 

27)  X41  +  X48  +  X416  <=  1 

28)  X42  +  X413  +  X415  <=  1 

29)  X43  +  X44  +  X46  +  X411  <=  1 

30)  X43  +  X44  +  X45  +  X411  +  X417  <=  1 

31)  X43  +  X46  +  X411  <=  1 

32)  X43  +  X47  +  X411  +  X412  +  X417  <=  1 

33)  3X41+6X42+4X48+6X49+5X410+3X413+3X414+3X415+2X416  <=  6 

34)  X51  +  X58  +  X510  <=  1 

35)  X51  +  X58  +  X516  <=  1 

36)  X52  +  X513  +  X515  <=  1 

37)  X53  +  X54  +  X56  +  X511  <=  1 

38)  X53  +  X54  +  X55  +  X511  +  X517  <=  1 

39)  X53  +  X56  +  X511  <=  1 

40)  X53  +  X57  +  X511  +  X512  +  X517  <=  1 

41)  3X51+6X52+4X58+6X59+5X510+3X513+3X514+3X515+2X516  <=  6 

42)  X61  +  X68  +  X610  <=  1 

43)  X61  +  X68  +  X616  <=  1 
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44  ) 

X62  + 

X613 

+  X615  <=  1 

45  ) 

X63  + 

X64 

+ 

X66  +  X611  <= 

1 

46  ) 

X63  + 

X64 

+ 

X65  +  X611  +  X6] 

.7 

<  = 

1 

47) 

X63  + 

X66 

+ 

X611  <=  1 

48  ) 

X63  + 

X67 

X611  +  X612  +  X617 

<  = 

1 

49  } 

3X61+6X62+4X68+6X69+5X610+3X61 

3+3X614+3X615+2X6 

16 

<  = 

50) 

X71  + 

X78 

+ 

X710  <=  1 

51) 

X71  + 

X78 

+ 

X716  <=  1 

52) 

X7  2  + 

X713 

+  X715  <=  1 

53) 

X7  3  + 

X74 

X76  +  X711  <= 

1 

54) 

X7  3  + 

X74 

+ 

X75  +  X711  +  X717 

<  = 

1 

55) 

X7  3  + 

X76 

X711  <=  1 

56) 

X7  3  + 

X77 

+ 

X711  +  X712  +  X717 

<  = 

1 

57) 

3X71+6X72+4X78+6X79+5X710+3X713+3X714+3X715+2X716 

<  = 

58  ) 

Xll  + 

X21 

+ 

X31  +  X41  +  X51 

+ 

X61 

+  X71 

< 

=  1 

59  ) 

X12  + 

X22 

-f 

X32  +  X42  +  X52 

+ 

X62 

+  X7  2 

< 

=  1 

60) 

X13  + 

X23 

X33  +  X43  +  X53 

+ 

X63 

+  X73 

< 

=  1 

61) 

X14  + 

X24 

+ 

X34  +  X44  +  X54 

+ 

X64 

+  X74 

< 

=  1 

62) 

X15  + 

X25 

+ 

X3S  +  X45  +  X55 

+ 

X65 

+  X75 

<: 

=  1 

63) 

X16  + 

X26 

+ 

X36  +  X46  +  X56 

+ 

X66 

+  X7  6 

< 

=  1 

64) 

X17  + 

X27 

+ 

X37  +  X47  +  X57 

+ 

X67 

+  X77 

< 

=  1 

65) 

X18  + 

X28 

+ 

X38  +  X48  +  X58 

-f 

X68 

+  X78 

< 

=  1 

66) 

X19  + 

X29 

+ 

X39  +  X49  +  X59 

X69 

+  X79 

< 

=  1 

67) 

XllO 

+  X210 

+  X310  +  X410  + 

X510 

+  X610 

+ 

X710 

<=5 

1 

68  ) 

Xlll 

+  X211 

+  X311  +  X411  + 

X511 

+  X611 

+ 

X711 

1 

69) 

X112 

+  X212 

+  X312  +  X412  + 

X512 

+  X612 

X712 

1 

70) 

X113 

+  X213 

+  X313  +  X413  + 

X513 

+  X613 

+ 

X713 

<  = 

1 

71) 

X114 

+  X214 

+  X314  +  X414  + 

X514 

+  X614 

+ 

X714 

1 

72) 

X115 

+  X215 

+  X315  +  X415  + 

X515 

+  X615 

X715 

<  = 

1 

73) 

X116 

+  X216 

+  X316  +  X416  + 

X516 

+  X616 

+ 

X716 

<=5 

1 

74) 

X117 

+  X217 

+  X317  +  X417  + 

X517 

+  X617 

X717 

1 

OBJECTIVE 

FUNCTION  VALUE 

=  17.000000 

VARIABLE 

VALUE 

REDUCED  COST 

X16 

1.000000 

-1.000000 

X18 

1.000000 

-1.000000 

X114 

1.000000 

-1.000000 

X25 

1.000000 

-1.000000 

X29 

1.000000 

-1.000000 

X212 

1.000000 

-1.000000 

X37 

1.000000 

-1.000000 

X316 

1.000000 

-1 . 000000 

X43 

1.000000 

-1.000000 

X415 

1.000000 

-1.000000 

X54 

1.000000 

-1.000000 

X510 

1.000000 

-1.000000 

X62 

1.000000 

-1 . oooooo 

X611 

1.000000 

-1 . oooooo 

X71 

1.000000 

-1.000000 

X713 

1.000000 

-1.000000 

X717 

1 . 000000 

-1.000000 

All  other  variables  =0  NO.  ITERATIONS= 

BRANCHES=  0  DETERM 
BOUND  ON  OPTIMUM:  17 


34 

.  =  1 
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Appendix  C:  General  Algebraic  Modeling  System  (GAMS) 
Code  For  Resource  Allocation  Formulations 


SETS 

G 

GA(G) 
GR(G) 
GRA ( G ) 
G151(G) 
S 

SA(S) 

SAl(S) 

SR(S) 

SRl(S) 

SRA(S) 

SRAl(S) 

S151(S) 

TA 

TR 

TRl(TR) 

TR2(TR) 

TRA 

STR(S) 

GTR(G) 

NGTR(G) 

J 


general  resource  categories  /0*66/ 
general  aircraft  categories  /0*14/ 
general  radar  categories  /20*34/ 
general  range  area  categories  /40*66/ 
general  W151  range  area  categories  /42*49/ 
specified  resource  categories  /0*152/ 
specified  aircraft  categories  /0*55/ 
specified  aircraft  categories  /1*55/ 
specified  radar  categories  /O, 60*94/ 
specified  radar  categories  /60*94/ 

specified  range  area  categories  /O  ,  100*136 , 140*'152/ 

specified  range  area  categories  /100*136,  140*152/ 

specified  151  range  area  categories  /O, 104*122/ 

aircraft  time  periods  /1*2/ 

radar  time  periods  /1*5/ 

radar  time  period  one  /!/ 

radar  time  periods  minus  one  period  /2*5/ 

range  area  time  periods  /1*7/ 

specified  categories  of  tracking  radars  /60*69/ 
general  categories  of  tracking  radars  /20*23/ 
general  categories  of  non-tracking  radars  /24*34/ 
mission  number  /1*66/; 


$include  "datafile.dat" 


PARAMETER  TAV(G)  #  of  resources  available  in  category  g 
/O  100,1  1,  21,  31,  41,  5  20,  61,  7  15, 

83,  95,  10  2,  11  1,  12  2,  13  4,  14  2, 

20  4,  21  1,  22  2,  23  1,  24  2,  25  1,  26  2,  27  3, 

28  1,  29  1,  30  3,  31  1,  32  2,  33  2,  34  2/; 


VARIABLES 
XA ( TA , J ) 

XR(TR, J) 

XRA(TRA, J) 

ZA 

ZR 

ZRA 


indicates  if  test  j  receives  all  aircraft 
in  period  t 

indicates  if  test  j  receives  all  radars 
in  period  t 

indicates  if  test  j  receives  all  ranges 
in  period  t 

aircraft  objective  function  value 
radar  objective  function  value 
range  area  objective  function  value; 


BINARY  VARIABLE 
XA,  XR,  XRA; 
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EQUATIONS 

ACFT 

A1(SA1, TA) 

A2 ( GA , TA ) 

A3  ( J) 

RADAR 

R1(STR,TR1) 
R2(SR1, TR2) 
R3(GTR,TR1) 

R4 (TRl) 
R5{GR,TR2) 

R6(  J) 

AREA 

RA1(SRA1,TRA) 

RA2(TRA) 

RA3(J) 


obj  function  for  allocating  aircraft  only 

specific  aircraft  constraints 

general  aircraft  constraints 

aircraft  time  period  constraints 

obj  function  for  allocating  radars  only 

specific  tracking  radar  constraints 

specific  radar  constraints 

general  tracking  radar  constraints 

general  non-tracking  radar  constraints 

general  radar  constraints 

radar  time  period  constraints 

obj  function  for  allocating  range  areas  only 

specific  range  area  constraints 

general  range  area  constraint  for  W151 

range  area  time  period  constraints; 


**  AIRCRAFT  FORMULATION 

ACFT  ..  ZA  =E=  SUM(TA,  SUM(J,  XA(TA,J))); 

A1(SA1,TA)  ..  SUM( (GA, J) ,RE0(GA,SA1, J)*XA(TA, J) )  =L=  1 ; 
A2(GA,TA)  ..  SUM( (SA, J) ,REQ(GA,SA, J)*XA(TA, J) )  =L=  TAV(GA); 
A3(J)  ..  SUM(TA,XA(TA, J) )  =L=  1; 


**  RADAR  FORMULATION 

RADAR..  ZR  =E=  SUM(TR,  SUM(J,  XR(TR,J))); 

R1(STR,TR1)  ..  SUM( (GTR, J) ,REQ(GTR,STR, J) *XR(TR1 , J) )  =L=  1; 
R2(SR1,TR2) . .  SUM( (GR, J) ,REQ(GR,SR1, J)*XR(TR2, J) )  =L=  1; 
R3(GTR,TR1) . .  SUM( ( STR, J ) , REQ(GTR, STR, J) *XR (TRl , J) )  =L= 
TAV(GTR) ; 

R4(TR1) , . SUM(NGTR,SUM( (SR,J) , REQ( NGTR, SR , J ) *XR ( TRl , J ) ) )=E=0; 
R5(GR,TR2) . .SUM( (SR, J) ,REQ(GR,SR, J)*XR(TR2, J) )  =L=  TAV(GR); 
R6(J)  ..  SUM(TR,XR(TR, J) )  =L=  1; 

**  RANGE  AREA  FORMULATION 

AREA  ..  ZRA  -E=  SUM(TRA,  SUM(J,  XRA ( TRA , J ) ) ) ; 

RA1(SRA1,TRA) . . SUM( (GRA, J) , REQ(GRA, SRAl , J) *XRA(TRA, J) )  =L=1; 
RA2(TRA)  ..  SUM( (G151,S151, J) ,REQ(G151,S151, J)*XRA{TRA, J) ) 
=L=  19; 

RA3(J)  ..  SUM(TRA,XRA(TRA, J) )  =L=  1; 

MODEL  AIRCRAFT/ACFT, Al, A2,A3/; 

OPTION  OPTCR=  .05; 

SOLVE  AIRCRAFT  USING  MIP  MAXIMIZING  ZA; 

DISPLAY  XA.L; 

MODEL  RADARS/RADAR , R1 , R2 , R3 , R4 , R5 , R6/ ; 

OPTION  OPTCR=  .05; 

SOLVE  RADARS  USING  MIP  MAXIMIZING  ZR; 

DISPLAY  XR.L; 

MODEL  RANGES/AREA, RA1,RA2,RA3/; 

OPTION  OPTCR=  .05; 

SOLVE  RANGES  USING  MIP  MAXIMIZING  ZRA; 

DISPLAY  XRA.L; 
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Test  Mission  Resource  Requirements 
(Input  Data  for  03-21  Feb  1992) 


Appendix  D: 


Feb  03 

1992 

- 

*5278 

*5513 

1 

+ 

10 

0.0 

1 

5 . 24 

1 

42.0 

1 

*5399 

+ 

2 

*5524 

7 . 0 

4 

+ 

11 

46.115 

1 

8 . 0 

1 

46 . 116 

1 

65 . 151 

1 

47 . 117 

1 

47.118 

1 

*5537 

-1- 

12 

*5406 

12 . 52 

1 

+ 

3 

42.0 

1 

*5547 

+ 

13 

*5407 

5 . 14 

1 

+ 

4 

5.12 

1 

42.0 

1 

42.0 

1 

*5408 
+  5 

42.0  1 

*5411 
+  6 

42.0  1 

*5475 
+  7 

9.0  1 

7.0  1 

5.0  1 

8.0  1 

65.151  1 

*5489 
+  8 

8.0  1 

7.0  1 

5.0  1 

9.0  1 

65.151  1 


*5593 
+  14 

7.34  1 

42.104  1 

42.105  1 

42.106  1 

40.100  1 

40 . 101  1 
53.132  1 

33.89  1 

33.90  1 

34.91  1 

27.75  1 

27.76  1 

27.77  1 

34.92  1 

28.78  1 

20.61  1 

20.62  1 
29.29  1 

25.72  1 


*5636 
+  16 
0.0  1 
7.0  4 

44.110  1 

44.111  1 

44.112  1 

45.113  1 

45.114  1 

48.119  1 

48.120  1 

48.121  1 

48.122  1 

50.124  1 

50.125  1 

22.66  1 
22.67  1 

*5637 
+  17 

0.0  1 

44.110  1 

44.111  1 

44.112  1 

45.113  1 

45.114  1 

48.119  1 

48.120  1 

49.121  1 

49.122  1 
22.66  1 

*5643 
+  18 
7.0  2 

5.0  1 

9.0  1 

50.123  1 

*5648 
+  19 

0.0  1 

50.123  1 


*5653 
+  20 
0.0  1 
44.110  1 

*5724 
+  21 
0.0  1 
42.0  1 

*5727 
+  22 
1.1  1 

42.105  1 

42.106  1 

43.108  1 

43.109  1 

46.115  1 
47.117  1 

20.62  1 

20.63  1 

*5731 
+  23 

42.105  1 

42.106  1 

43.108  1 

43.109  1 

46.115  1 
47.117  1 

20.61  1 

20.63  1 

*5742 
+  24 

5.16  1 

42.104  1 
40.100  1 
33.89  1 

27.75  1 

28.78  1 

20.61  1 


*5753 
+  26 

58.140  1 

*5765 
+  27 

7.40  1 

42.104  1 
40.100  1 
33.89  1 

27.75  1 

27.77  1 

28.78  1 

20.62  1 
30.84  1 

21.65  1 

*5785 


+  28 

7.32  1 

7.27  1 

7.35  1 

7.0  1 


43.107  1 

43.108  1 

43.109  1 


*5790 
+  29 

7.30  1 

42.105  1 

42 . 106  1 

*5794 
+  30 

7.0  1 

42.0  1 

*5798 
+  31 

7.0  1 

42.0  1 


*5599 
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Feb  03 

1992 

continued 

- 

*5810 

*5872 

*5896 

*6243 

+ 

33 

+ 

42 

+ 

52 

+ 

59 

5 . 0 

1 

0.0 

1 

7.0 

1 

7.40 

1 

65.151 

1 

40.101 

1 

42.0 

1 

40.101 

1 

63.148 

1 

63.148 

1 

*5817 

66.152 

1 

*5900 

66.152 

1 

+ 

34 

21.65 

1 

+ 

53 

21.65 

1 

5.0 

1 

5.0 

1 

65 . 151 

1 

*5874 

*6271 

+ 

43 

*5917 

+ 

60 

*5827 

0.0 

1 

+ 

54 

5.12 

1 

+ 

35 

7.37 

1 

43 . 107 

1 

5.0 

1 

*5875 

44.110 

1 

43 . 108 

1 

+ 

44 

44.111 

1 

*5844 

0.0 

1 

44 . 112 

1 

*6407 

+ 

36 

45 . 113 

1 

+ 

61 

0.0 

1 

*5876 

45.114 

1 

0.0 

1 

+ 

45 

22 . 66 

1 

*5846 

7.0 

1 

22.67 

1 

*9001 

+ 

37 

+ 

62 

0.0 

1 

*5879 

*5919 

7.0 

1 

+ 

46 

+ 

55 

43.107 

1 

*5855 

7.40 

1 

2.2 

1 

43.108 

1 

+ 

38 

5.0 

1 

58.140 

1 

5.15 

1 

13.0 

1 

58.141 

1 

*9002 

5.6 

1 

42.104 

1 

58.142 

1 

+ 

63 

5.19 

1 

42.105 

1 

60 . 144 

1 

5.0 

1 

44.110 

1 

42.106 

1 

62.146 

1 

45.113 

1 

44 . Ill 

1 

20 . 60 

1 

45.114 

1 

44 . 112 

1 

*5880 

45.113 

1 

+ 

47 

*5926 

*9101 

45 . 114 

1 

0.0 

1 

+ 

56 

+ 

64 

8.0 

1 

0.0 

1 

*5856 

*5884 

5.0 

1 

+ 

39 

+ 

48 

13.0 

1 

*9102 

5.20 

1 

0 . 0 

1 

42.104 

1 

+ 

65 

43.107 

1 

58.142 

1 

42.105 

1 

0 . 0 

1 

43 . 108 

1 

59.143 

1 

42 . 106 

1 

43 . 109 

1 

46.115 

1 

*9103 

*5885 

46.116 

1 

+ 

66 

*5866 

+ 

49 

0.0 

1; 

+ 

40 

0.0 

1 

*5933 

7 .39 

1 

58.142 

1 

+ 

57 

60 . 144 

1 

59.143 

1 

0.0 

1 

62 . 146 

1 

20 . 61 

1 

*5886 

*5935 

*5870 

+ 

50 

+ 

58 

+ 

41 

0.0 

1 

0.0 

1 

0 . 0 

1 

*5890 
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Feb  04  1992 


*5279 

*5514 

*5600 

*5642 

*5728 

1 

+ 

10 

+ 

15 

•+ 

19 

+ 

24 

0  . 

0 

1 

7 . 37 

1 

0.0 

1 

0.0 

1 

1 . 

1 

1 

2.2 

1 

51. 

128 

1 

44.110 

1 

9  . 

48 

1 

*5400 

40.100 

1 

51. 

129 

1 

44 . Ill 

1 

44 

.  110 

1 

+ 

2 

40.101 

1 

51. 

130 

1 

44 . 112 

1 

44 

.  Ill 

1 

7  . 

0 

4 

42 . 104 

1 

45 . 113 

1 

44 

.  112 

1 

42 

.  0 

1 

42.105 

1 

*5639 

45 . 114 

1 

45 

.  113 

1 

42.106 

1 

+ 

16 

48 . 119 

1 

45 

.  114 

1 

•■•5412 

43.107 

1 

0.0 

1 

48.120 

1 

48 

.  119 

1 

+ 

3 

43 . 108 

1 

44  . 

110 

1 

49.121 

1 

49 

.  121 

1 

42 

.0 

1 

43 . 109 

1 

44  . 

111 

1 

49.122 

1 

22 

.  66 

1 

44  . 

112 

1 

50.124 

1 

22 

.  67 

1 

*5413 

*5526 

45. 

113 

1 

50.125 

1 

+ 

4 

+ 

11 

45. 

114 

1 

22.66 

1 

*5733 

42 

.0 

1 

8 . 0 

1 

48  . 

119 

1 

22.67 

1 

+ 

25 

65 . 151 

1 

48  . 

120 

1 

5  . 

14 

1 

*5414 

49. 

121 

1 

*5644 

9  . 

47 

1 

+ 

5 

*5538 

49. 

122 

1 

+ 

20 

42 

.  105 

1 

42 

.0 

1 

+ 

12 

7.0 

2 

42 

.106 

1 

12.52 

1 

*5640 

5.0 

1 

43 

.  108 

1 

*5415 

+ 

17 

9.0 

1 

43 

.  109 

1 

+ 

6 

*5548 

0 . 0 

1 

50.123 

1 

46 

.115 

1 

42 

.0 

1 

+ 

13 

44. 

110 

1 

47 

.117 

1 

42.0 

1 

44. 

111 

1 

*5649 

20 

.62 

1 

*5476 

44. 

112 

1 

+ 

21 

20 

.  63 

1 

+ 

7 

*5588 

45. 

113 

1 

0.0 

1 

8. 

43 

1 

+ 

14 

45  . 

114 

1 

5.0 

6 

*5741 

9. 

0 

1 

7 .35 

1 

48  . 

119 

1 

9.0 

4 

26 

65 

.  151 

1 

7 . 34 

1 

48  . 

120 

1 

50.123 

1 

5  . 

6 

1 

5.20 

1 

49  . 

121 

1 

50.124 

1 

5  . 

19 

1 

*5490 

5.16 

1 

49  . 

122 

1 

50.125 

1 

42 

.104 

1 

+ 

8 

44 . 110 

1 

22. 

66 

1 

50.126 

1 

40 

.  100 

1 

5  . 

12 

1 

44  .  Ill 

1 

50.127 

1 

33 

.89 

1 

65 

.  151 

.  1 

44 . 112 

1 

*5641 

33 

.  90 

1 

45.113 

1 

+ 

18 

*5654 

34 

.91 

1 

*5501 

45 . 114 

1 

0.0 

1 

+ 

22 

27 

.75 

1 

+ 

9 

48 . 119 

1 

44  . 

110 

1 

44 . 110 

1 

27 

.77 

1 

7  . 

0 

1 

48 . 120 

1 

44  . 

111 

1 

28 

.78 

1 

5  . 

0 

1 

49.121 

1 

44  . 

112 

1 

*5664 

30 

.84 

1 

9  . 

0 

1 

49 . 122 

1 

45  . 

113 

1 

+ 

23 

24 

.71 

1 

42 

.  0 

4 

50.125 

1 

45  . 

114 

1 

7 .33 

1 

25 

.72 

1 

50.124 

1 

48  . 

119 

1 

43 . 107 

1 

20.60 

1 

48  . 

120 

1 

43 . 108 

1 

21.65 

1 

49  . 

121 

1 

43.109 

1 

22 . 66 

1 

49  . 

122 

1 

22.67 

1 

50  . 

124 

1 

50  . 

125 

1 

22  . 

66 

1 

22. 

67 

1 
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Feb  04  1992  continued  - 


*5766 

*5859 

*5927 

*5987 

*5993 

+ 

27 

-f 

36 

+ 

44 

+ 

53 

+ 

55 

7.39 

1 

5.7 

1 

5 . 12 

1 

7  .. 

40 

1 

7  . 

37 

1 

42.104 

1 

5.6 

1 

3 . 3 

1 

5  . 

12 

1 

44 

.110 

1 

40.100 

1 

5 . 20 

1 

13.0 

1 

13 

.0 

1 

44 

.  Ill 

1 

33.89 

1 

5 . 16 

1 

42.104 

1 

42 

.  104 

1 

44 

.  112 

1 

27 . 75 

1 

42.105 

1 

42 

.  105 

1 

45 

.  113 

1 

27 . 77 

1 

*5877 

42.106 

1 

42 

.  106 

1 

45 

.  114 

1 

20.62 

1 

+ 

37 

20 . 61 

1 

43 

.  107 

1 

22 

.66 

1 

30.84 

1 

0.0 

43 

.108 

1 

22 

.  67 

1 

21.65 

1 

*5937 

43 

.10  9 

1 

*5887 

+ 

45 

44 

.  110 

1 

*5994 

*5787 

38 

0.0 

1 

44 

.  Ill 

1 

+ 

56 

+ 

28 

0.0 

1 

44 

.  112 

1 

5. 

0 

1 

7 .0 

1 

*5940 

45 

.113 

1 

42 

.  104 

1 

42.0 

1 

*5891 

+ 

46 

45 

.  114 

1 

42 

.  105 

1 

+ 

39 

0.0 

1 

46 

.115 

1 

42 

.  106 

1 

*5791 

5.0 

1 

46 

.  116 

1 

40 

.  100 

1 

+ 

29 

5 . 23 

1 

*5941 

47 

.117 

1 

53 

.  132 

1 

7.0 

1 

42 . 104 

1 

+ 

47 

47 

.118 

1 

33 

.  89 

1 

7.35 

1 

42.105 

1 

0.0 

1 

48 

.119 

1 

34 

.  91 

1 

7.34 

1 

42.106 

1 

48 

.  120 

1 

27 

.75 

1 

42.0 

1 

*5942 

49 

.  121 

1 

27 

.77 

1 

*5897 

+ 

48 

49 

.  122 

1 

34 

.92 

1 

*5795 

+ 

40 

0.0 

1 

20 

.  60 

1 

28 

.78 

1 

+ 

30 

7.0 

1 

20 

.61 

1 

20 

.62 

1 

5 . 24 

1 

42.0 

1 

*5945 

20 

.  62 

1 

29 

.79 

1 

+ 

49 

23 

.  69 

1 

30 

.84 

1 

*5799 

*5901 

58.142 

1 

22 

.  66 

1 

25 

.72 

1 

+ 

31 

+ 

41 

59.143 

1 

22 

.  67 

1 

7.33 

1 

7 . 0 

1 

*6000 

42.0 

1 

*5946 

*5990 

“f- 

57 

*5805 

+ 

50 

+ 

54 

7  . 

40 

1 

4- 

32 

*5911 

58 . 142 

1 

7  . 

38 

1 

9. 

48 

1 

5.0 

1 

+ 

42 

59.143 

1 

1  .■ 

40 

1 

13 

.0 

1 

65.151 

1 

9.0 

1 

1. 

1 

1 

42 

.  104 

1 

13 . 0 

1 

*5948 

42 

.  104 

1 

42 

.  105 

1 

*5812 

42.104 

1 

+ 

51 

42 

.105 

1 

42 

.  106 

1 

+ 

33 

42 . 105 

1 

0.0 

1 

42 

.  106 

1 

5 . 0 

1 

42.106 

1 

43 

.  107 

1 

*6001 

65 . 151 

1 

46.115 

1 

*5979 

40 

.100 

1 

+ 

58 

46.116 

1 

+ 

52 

40 

.101 

1 

7  . 

0 

1 

*5820 

40 . 100 

1 

7 . 32 

1 

53 

.  132 

1 

7  . 

39 

1 

+ 

34 

20 . 61 

1 

2.2 

1 

33 

.  89 

1 

60 

.  144 

1 

5.0 

1 

20.62 

1 

58.140 

1 

33 

.  90 

1 

20 

.  60 

1 

65 . 151 

58.141 

1 

27 

.75 

1 

*5918 

58.142 

1 

27 

.  77 

1 

*5830 

+ 

43 

60.144 

1 

34 

.93 

1 

+ 

35 

5 . 15 

1 

62 . 146 

1 

20 

.  61 

1 

95 


Feb  04 

1992 

continued 

- 

*6006 

*6008 

*6129 

*6400 

*9202 

+ 

59 

+ 

60 

+ 

62 

+ 

6  6 

+ 

69 

7.32 

1 

7.30 

1 

2.2 

1 

7.0 

6 

0. 

0 

1 

5.7 

1 

7.38 

1 

42.104 

1 

44 . 110 

1 

13.0 

1 

4.4 

1 

42.105 

1 

44 . Ill 

1 

*9203 

42.104 

1 

13 . 0 

1 

44 . 112 

1 

+ 

70 

42 . 105 

1 

44.110 

1 

*6136 

45.113 

1 

0. 

0 

1; 

42.106 

1 

44.111 

1 

+ 

63 

45.114 

1 

43.107 

1 

44 . 112 

1 

9.47 

1 

48.119 

1 

43.108 

1 

45.113 

1 

60.144 

1 

48 . 120 

1 

43 . 109 

1 

45.114 

1 

20 . 62 

1 

49.121 

1 

44 . 110 

1 

20.61 

1 

21.65 

1 

49.122 

1 

44.111 

1 

22.66 

1 

44.112 

1 

22.67 

1 

*6138 

*9001 

45.113 

1 

+ 

64 

+ 

67 

45.114 

1 

*6045 

0.0 

1 

0.0 

1 

46 . 115 

1 

+ 

61 

42.0 

1 

46.116 

1 

5.24 

1 

*9201 

47.117 

1 

44.110 

1 

*6156 

+ 

68 

47.118 

1 

44.111 

1 

+ 

65 

0.0 

1 

48.119 

1 

12.52 

1 

48.120 

1 

49 . 121 

1 

49.122 

1 

20.61 

1 

20.62 

1 

23.69 

1 

22.67 

1 

Feb  05 

1992 

- 

*5281 

*5424 

*5502 

*5549 

28 

.78 

1 

1 

+ 

6 

+ 

9 

+ 

13 

20 

.62 

1 

0.0 

1 

42.0 

3 

5 . 12 

1 

42.0 

1 

29 

.79 

1 

45.113 

1 

*5596 

30 

.  81 

1 

*5402 

*5477 

45. 114 

1 

+ 

14 

30 

.  84 

1 

+ 

2 

7 

34 . 93 

1 

25 

.72 

1 

7 . 0 

4 

8.0 

1 

*5515 

7 .40 

1 

42.0 

3 

7 . 0 

1 

+ 

10 

42. 104 

1 

*5601 

5.0 

1 

9.48 

1 

42.105 

1 

+ 

15 

*5417 

9.0 

1 

46 . 115 

1 

42.106 

1 

0. 

0 

1 

+ 

3 

65 . 151 

1 

40.100 

1 

51 

.  128 

1 

42.0 

3 

*5527 

40.101 

1 

51 

.  129 

1 

*5491 

+ 

11 

33 . 89 

1 

51 

.  130 

1 

*5419 

+ 

8 

8.0 

1 

33 . 90 

1 

*5645 

+ 

4 

8.0 

1 

65.151 

1 

34 . 91 

1 

+ 

16 

42.0 

3 

7.0 

1 

*5539 

27.75 

1 

50 

.  123 

1 

*5421 

5.0 

1 

+ 

12 

27.76 

1 

7  . 

0 

2 

5 

9.0 

1 

2.2 

1 

27.77 

1 

5. 

0 

1 
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Feb  05 

1992 

continued  - 

*5650 

*5696 

*5832 

+ 

17 

+ 

21 

+ 

0.0 

1 

5.20 

1 

5.0 

5 . 0 

6 

44 . 110 

1 

65.151 

9 . 0 

4 

44 . Ill 

1 

50 . 123 

1 

44.112 

1 

*5857 

50 . 124 

1 

48 . 119 

1 

+ 

50.125 

1 

48 . 120 

1 

7 . 30 

50.126 

1 

22 . 67 

1 

5 . 14 

50 . 127 

1 

42.105 

*5788 

42. 106 

*5655 

+ 

22 

43. 108 

+ 

18 

7.30 

1 

43 . 109 

0.0 

1 

7.26 

1 

46. 115 

44 . 110 

1 

7 . 33 

1 

47. 117 

7  .  34 

1 

20.61 

*5658 

42 . 104 

1 

20. 63 

+ 

19 

42.105 

1 

7 .0 

4 

*5861 

44 . 110 

1 

*5792 

+ 

44 . Ill 

1 

+ 

23 

5.7 

44 . 112 

1 

0.0 

1 

5.15 

45 . 113 

1 

5.19 

45.114 

1 

*5796 

5.16 

48.119 

1 

+ 

24 

5.24 

48 . 120 

1 

7.0 

1 

49.121 

1 

42.0 

1 

*5864 

49 . 122 

1 

+ 

50.124 

1 

*5800 

42. 105 

50.125 

1 

+ 

25 

42.106 

22.66 

1 

7 .0 

1 

43 . 108 

22.67 

1 

42 . 0 

1 

43  .  109 

46. 115 

*5659 

*5806 

47 . 117 

+ 

20 

+ 

26 

20.60 

0 . 0 

1 

5.7 

1 

20. 63 

44 . 110 

1 

5.19 

1 

44 . Ill 

1 

5.16 

1 

*5871 

44 . 112 

1 

5.24 

1 

+ 

45.113 

1 

65.151 

1 

5.0 

45 . 114 

1 

42.0 

48 . 119 

1 

*5814 

48 . 120 

1 

+ 

27 

*5878 

49 . 121 

1 

2.2 

1 

+ 

49 . 122 

1 

65 . 151 

1 

0 . 0 

22 . 66 

1 

*5821 

*5882 

+ 

28 

+ 

5 . 0 

1 

0.0 

65  .  151 

1 

*5888 

*5963 

29 

4- 

36 

+ 

47 

1 

0.0 

1 

0.0 

1 

1 

*5898 

*5982 

+ 

37 

4- 

48 

30 

7.0 

1 

2.2 

1 

1 

42 . 0 

1 

5 . 12 

1 

1 

58 . 140 

1 

1 

*5902 

58.141 

1 

1 

+ 

38 

58. 142 

1 

1 

5.0 

1 

60 . 144 

1 

1 

65.151 

1 

62.146 

1 

1 

20.60 

1 

1 

*5944 

21.65 

1 

1 

4- 

39 

1 

7 . 40 

1 

*6034 

44 . 110 

1 

4- 

49 

44 . Ill 

1 

10.50 

1 

31 

44 . 112 

1 

1 

22.66 

1 

*6074 

1 

4* 

50 

1 

*595u 

5.8 

1 

1 

4- 

40 

58.140 

1 

1 

0.0 

1 

60 . 144 

1 

*5952 

*6081 

32 

4- 

41 

4- 

51 

1 

0.0 

1 

7.40 

1 

1 

42 . 104 

1 

1 

*5953 

40 . 100 

1 

1 

4- 

42 

33 . 89 

1 

1 

58 . 142 

1 

27 .75 

1 

1 

59 . 143 

1 

27 .77 

1 

1 

28.78 

1 

1 

*5955 

20.62 

1 

4- 

43 

30 . 84 

1 

0.0 

1 

21.65 

1 

33 

1 

*5958 

*6086 

1 

4* 

44 

4- 

52 

0 . 0 

1 

7  .  39 

1 

9 . 0 

1 

34 

*5959 

60 .144 

1 

1 

4- 

45 

62 . 146 

1 

0.0 

1 

20 .61 

1 

35 

*5961 

1 

+ 

46 

0.0 

1 

97 


Feb  05  1992  continued 


*6087 

+ 

7 . 32 
7 .39 
40.101 
63  .  148 
66.152 

21 . 65 

*6088 

-t- 

7  .  39 
9 . 0 
13 . 0 

42 . 104 

42 . 105 

42 . 106 

*6089 

+ 

5.8 

58.140 
60 . 144 

*6091 

+ 

0.0 

5.19 

42 . 104 

42.105 

42.106 

43 . 107 

43 . 108 

43 . 109 

44 . 110 

44 . 111 

44 . 112 

45 . 113 

45 . 114 
20 . 63 

21 .65 

22 . 66 

22 . 67 

Feb  06 

*5282 

0 . 0 


*6092 

*6102 

*6154 

*  6  6  5  3 

53 

+■ 

57 

+ 

60 

+ 

63 

4- 

67 

1 

9 . 48 

1 

7 . 37 

1 

0.0 

1 

7 . 0 

3 

1 

44 . 110 

1 

44 .110 

1 

44.110 

1 

48.119 

1 

1 

44  .111 

1 

44 . Ill 

1 

44.111 

1 

48 .  120 

1 

1 

44.112 

1 

44.112 

1 

44 . 112 

1 

49 . 121 

1 

1 

45 . 113 

1 

45.113 

1 

45. 113 

1 

49 . 122 

1 

1 

45 . 114 

1 

45.114 

1 

45 . 114 

1 

48 , 119 

1 

22 . 66 

1 

22.66 

1 

*6656 

48 . 120 

1 

22.67 

1 

22 . 67 

1 

68 

54 

49 . 121 

1 

7 . 0 

3 

1 

49  .  122 

1 

*6131 

*6155 

42  .  106 

1 

1 

22 . 66 

1 

+ 

61 

+ 

64 

43 , 109 

1 

1 

22 . 67 

1 

5 . 12 

1 

12 . 0 

1 

1 

9.47 

1 

*6683 

1 

*6093 

42.105 

1 

*6401 

+ 

69 

1 

+ 

58 

42 . 106 

1 

+ 

65 

42 . 104 

1 

9 . 47 

1 

43 . 108 

1 

0.0 

1 

60 . 144 

1 

43 . 109 

1 

*9001 

55 

20 . 62 

1 

46.115 

1 

*6445 

■f 

70 

1 

2^.65 

1 

47.117 

1 

+ 

66 

0 . 0 

1 

1 

7  .32 

1 

44 .110 

1 

1 

*6097 

*6139 

44 . Ill 

1 

+ 

59 

+ 

62 

44 . 112 

1 

2 . 2 

1 

9.0 

1 

45.113 

1 

56 

5  .  12 

1 

45.114 

1 

1 

58.140 

1 

1 

58 . 141 

1 

*9301 

1 

58 . 142 

1 

+ 

71 

1 

60 . 144 

1 

0 . 0 

1 

1 

62 . 146 

1 

1 

20 . 60 

1 

*9302 

1 

21.65 

1 

72 

1 

0 . 0 

1; 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1992 

- 

*5404 

*5426 

*5428 

*5431 

1 

+ 

2 

+ 

3 

+ 

4 

4- 

5 

1 

7.0 

4 

42.0 

1 

42 . 0 

1 

42.0 

1 

42.0 

1 

98 


Feb  06 

1992 

continued 

- 

*5967 

*6082 

*6121 

*6165 

*6192 

4. 

43 

+ 

50 

+ 

54 

+ 

58 

+ 

63 

0 . 0 

1 

7  . 

39 

1 

11 

.0 

1 

5 . 12 

1 

42 

.  105 

1 

42 

.  104 

1 

42 

.  104 

1 

3  .  3 

1 

42 

.  106 

1 

*5971 

40 

.  100 

1 

43 

.  107 

1 

13.0 

1 

43 

.  108 

1 

+ 

44 

33 

.  89 

1 

40 

.  100 

1 

42.104 

1 

43 

.  109 

1 

0 . 0 

1 

27 

.75 

1 

40 

.  101 

1 

42.105 

1 

46 

.  115 

1 

27 

.  77 

1 

53 

.  132 

1 

42.106 

1 

47 

.  117 

1 

*5980 

20 

.  62 

1 

33 

.  90 

1 

46.115 

1 

20 

.62 

1 

+ 

45 

30 

.  84 

1 

27 

.77 

1 

20.61 

1 

22 

.  67 

1 

0 . 0 

1 

21 

.65 

1 

20 

.63 

*6166 

*6200 

*5983 

*6094 

*6122 

+ 

59 

+ 

64 

+ 

46 

+ 

51 

+ 

55 

7.40 

1 

42 

.  105 

1 

58 . 140 

1 

9  . 

47 

1 

9.1 

0 

1 

5 . 0 

1 

42 

.  106 

1 

58 . 141 

1 

60 

.  144 

1 

13 

.  0 

1 

13.0 

1 

43 

.  108 

1 

58 . 142 

1 

20 

.62 

1 

42 

.  104 

1 

42.104 

1 

43 

.  109 

1 

60 . 144 

1 

21 

.  65 

1 

42 

.  105 

1 

42.105 

1 

46 

.  115 

1 

62.146 

1 

42 

.  106 

1 

42.106 

1 

47 

.  117 

1 

20 . 60 

1 

*6101 

46 

.  115 

1 

22 

.  6  6 

1 

21 . 65 

1 

+ 

52 

46 

.  116 

1 

*6168 

22 

.67 

1 

7  . 

40 

1 

40 

.  100 

1 

+ 

60 

*5991 

5  . 

12 

1 

20 

.  61 

1 

7 . 0 

1 

*6202 

+ 

47 

43 

.  107 

1 

20 

.  62 

1 

7.39 

1 

+ 

65 

7 . 40 

1 

43 

.108 

1 

60 . 144 

1 

7  . 

38 

1 

13.0 

1 

*6128 

13 

.0 

1 

42.104 

1 

*6117 

+ 

56 

*6184 

5. 

20 

1 

42.105 

1 

+ 

53 

7  . 

40 

1 

+ 

61 

42 

.  104 

1 

42 . 106 

1 

7  . 

40 

1 

42 

.  104 

1 

8.43 

1 

42 

.  105 

1 

40 . 100 

1 

5  . 

12 

1 

42 

.  105 

1 

5 . 10 

1 

42 

.  106 

1 

40 . 101 

1 

13 

.  0 

1 

42 

.  106 

1 

13.0 

1 

43 

.  107 

1 

53 . 132 

1 

42 

.  104 

1 

43 

.  107 

1 

42.104 

1 

43 

.  108 

1 

33 . 89 

1 

42 

.  105 

1 

40 

.  100 

1 

42.105 

1 

43 

109 

1 

33.90 

1 

42 

.  10  6 

1 

40 

.  101 

1 

42.106 

1 

27 

.76 

1 

27 .75 

1 

43 

.  107 

1 

53 

.  132 

1 

20 

.  60 

1 

27 . 77 

1 

43 

.  108 

1 

33 

.  89 

1 

*6189 

20 

.61 

1 

34 . 93 

1 

43 

.  109 

1 

33 

.  90 

1 

+ 

62 

20 

.63 

1 

20.62 

1 

44 

.  110 

1 

27 

.75 

1 

1.1 

1 

20 . 63 

1 

20 

.  60 

1 

27 

.77 

1 

13.0 

1 

*6210 

20 

.  61 

1 

34 

.  93 

1 

42.104 

1 

+ 

66 

*6046 

20 

.  63 

1 

20 

.60 

1 

42.105 

1 

5  . 

7 

1 

-+~ 

48 

23 

.  69 

1 

20 

.61 

1 

42.106 

1 

5  . 

15 

1 

5 . 24 

1 

22 

.66 

1 

20 

.63 

1 

13 

.0 

1 

44 . 110 

1 

22 

.  67 

1 

42 

.  0 

3 

44 . Ill 

1 

*6140 

20 

.61 

1 

+ 

57 

20 

.  62 

1 

*6064 

1. 

1 

1 

20 

.  63 

1 

49 

9. 

48 

1 

23 

.  69 

1 

0 . 0 

1 

43 

.  108 

1 

22 

.  66 

1 

43 

.  109 

1 

22 

.67 

1 

100 


Feb  06  1992  continued 


*6212 

*6402 

*6458 

*9001 

*9403 

+ 

67 

+ 

68 

+ 

69 

+ 

71 

•f 

73 

5  . 

7 

1 

7 . 1 

0 

6 

11.0 

1 

5. 

19 

1 

0.0 

1 

5. 

15 

1 

44 

.110 

1 

42 

.  104 

1 

13 

.  0 

1 

44 

.111 

1 

*6733 

42 

.  105 

1 

*9404 

42 

.  0 

3 

44 

.  112 

1 

+ 

70 

74 

20 

.  61 

1 

45 

.113 

1 

0.0 

1 

*9402 

o 

o 

1; 

20 

.  62 

1 

45 

.114 

1 

+ 

72 

23 

.  69 

1 

48 

.119 

1 

0  . 

0 

1 

22 

.  67 

1 

48 

.120 

1 

50 

.  126 

1 

49 

.  121 

1 

50 

.  127 

1 

49 

.  122 

1 

Feb  07 

1992 

- 

*5022 

*5504 

*5647 

*5763 

*5951 

1 

+ 

8 

+ 

14 

+ 

18 

+ 

21 

0.0 

1 

7.0 

1 

7.0 

2 

44.110 

1 

7.0 

1 

5.0 

1 

5.0 

1 

44.111 

1 

42.0 

1 

*5283 

9.0 

1 

9.0 

1 

44 . 112 

1 

+ 

2 

42.0 

1 

50.123 

1 

45.113 

1 

*5954 

0 . 0 

1 

45.114 

1 

+ 

22 

*5517 

*5652 

22.67 

1 

7.0 

1 

*5405 

+ 

9 

+ 

15 

42.0 

1 

+ 

3 

42.0 

1 

0.0 

1 

*5947 

7.0 

4 

50 . 123 

1 

+ 

19 

*5957 

42.0 

1 

*5529 

50.124 

1 

2.2 

1 

+ 

23 

+ 

10 

50.125 

1 

7.27 

1 

7.0 

1 

*5435 

8.0 

1 

50.126 

1 

7 . 28 

1 

42.0 

1 

+ 

4 

65.151 

1 

50.127 

1 

7.26 

1 

42.0 

1 

7 .33 

1 

*5964 

*5541 

*5657 

7.35 

1 

+ 

24 

*5436 

+ 

11 

+ 

16 

7.34 

1 

5.0 

1 

+ 

5 

12.0 

1 

0.0 

1 

5.22 

1 

65.151 

1 

42.0 

1 

44 . 110 

1 

5.19 

1 

*5551 

*5760 

5.20 

1 

*5968 

*5479 

+ 

12 

+ 

17 

5.16 

1 

+ 

25 

6 

42.0 

1 

7 . 0 

4 

5.24 

1 

5.0 

1 

8.0 

1 

44 . 110 

1 

42.104 

1 

65.151 

1 

7.0 

1 

*5603 

44 . Ill 

1 

42.105 

1 

5.0 

1 

+ 

13 

44.112 

1 

42.106 

1 

*5969 

9.0 

1 

0 . 0 

1 

45 . 113 

1 

43 . 107 

1 

+ 

26 

65.151 

1 

51.128 

1 

45 . 114 

1 

43.108 

1 

5.0 

1 

51.129 

1 

48 . 119 

1 

43.109 

1 

65.151 

1 

*5493 

51.130 

1 

48 . 120 

1 

+ 

7 

49 . 121 

1 

*5949 

*5970 

65.151 

1 

49.122 

1 

+ 

20 

+ 

27 

22.66 

50 . 124 

1 

7.0 

1 

5.0 

1 

22 . 67 

1  L 

50 . 125 

1 

42.0 

1 

65.151 

1 
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Feb  07  1992  continued  - 


*5972 

*5998 

*6096 

*6 

193 

*6244 

+ 

28 

+ 

38 

+ 

46 

4- 

51 

+ 

55 

5 . 0 

1 

11.0 

1 

9.48 

1 

7  . 

30 

1 

60 . 144 

1 

65 . 151 

1 

46.115 

1 

44 . 110 

1 

2  . 

2 

1 

62 . 146 

1 

46.116 

1 

44 . Ill 

1 

42 

.  105 

1 

20.61 

1 

*5973 

47.117 

1 

44.112 

1 

42 

.  106 

1 

+ 

29 

47.118 

1 

45 . 113 

1 

43 

.  108 

1 

*6272 

0 . 0 

1 

45 . 114 

1 

43 

.  109 

1 

+ 

56 

*6036 

48 . 119 

1 

46 

.  115 

1 

5 . 15 

1 

*5974 

+ 

39 

48.120 

1 

47 

.117 

1 

7.27 

1 

+ 

30 

10.50 

1 

49.121 

1 

20 

.62 

1 

7.28 

1 

0 . 0 

1 

49 . 122 

1 

20 

.63 

1 

7 . 26 

1 

*6039 

22.66 

1 

7 . 33 

1 

*5975 

+ 

40 

22.67 

1 

*6203 

7 . 35 

1 

+ 

31 

7.0 

1 

+ 

52 

7 . 34 

1 

0.0 

1 

7.39 

1 

*6120 

42 

.  105 

1 

5.6 

1 

43.107 

1 

+ 

47 

42 

.  106 

1 

5.19 

1 

*5976 

43.108 

1 

7.40 

1 

43 

.  108 

1 

5 . 20 

1 

+ 

32 

42 . 104 

1 

43 

.  109 

1 

5 . 16 

1 

0.0 

1 

*6070 

42.105 

1 

46 

.115 

1 

5 . 24 

1 

+ 

41 

42.106 

1 

47 

.117 

1 

*5877 

0.0 

1 

40 . 100 

1 

20 

.62 

1 

*6374 

+ 

33 

40 . 101 

1 

20 

.63 

1 

+ 

57 

0 . 0 

1 

*6071 

53.132 

1 

7.0 

1 

+ 

42 

33.89 

1 

*6 

206 

7 . 39 

1 

*5981 

0.0 

1 

33.90 

1 

+ 

53 

60 . 144 

1 

+ 

34 

34.91 

1 

2  . 

2 

1 

20 . 60 

1 

0.0 

1 

*6076 

27.75 

1 

58 

.  140 

1 

+ 

43 

27.76 

1 

58 

.141 

1 

*6375 

*5988 

5.8 

1 

27 . 77 

1 

58 

.  142 

1 

+ 

58 

4- 

35 

58,140 

1 

34.92 

1 

60 

.  144 

1 

7.40 

1 

4.4 

1 

60.144 

1 

28 .78 

1 

62 

.  146 

1 

5.0 

1 

13 . 0 

1 

20.62 

1 

20 

.  60 

1 

40 . 101 

1 

42.104 

1 

*6090 

29.79 

1 

21 

.65 

1 

63 . 148 

1 

42.105 

1 

+ 

44 

30.81 

1 

*6229 

66.152 

1 

42.106 

1 

58.140 

1 

30.84 

1 

+ 

54 

21.65 

1 

46.115 

1 

60 . 144 

1 

25 . 72 

1 

25 

.72 

1 

*6381 

20 . 63 

1 

5  . 

23 

1 

+ 

59 

23 . 69 

1 

*6095 

*6141 

42 

.  104 

1 

62.146 

1 

+ 

45 

+ 

48 

42 

.105 

1 

0 . 0 

1 

*5995 

9.47 

1 

0.0 

1 

42 

.106 

1 

60.144 

1 

+ 

36 

60.144 

1 

42.0 

1 

40 

.  100 

1 

*6386 

5.0 

1 

20.62 

1 

53 

.  132 

1 

+ 

60 

42.0 

1 

21.65 

1 

*6157 

33 

.  89 

1 

22.67 

1 

+ 

49 

34 

.  91 

1 

7 . 37 

1 

*5996 

12.0 

1 

27 

.  75 

1 

44 . 110 

1 

+ 

37 

27 

.77 

1 

44.111 

1 

5.0 

1 

*6158 

34 

.  92 

1 

44 . 112 

1 

42.0 

1 

-f 

50 

20 

.  62 

1 

45.113 

1 
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Feb  07 

continued  - 

*6387 

*6658 

*9001 

*9502 

+ 

61 

+ 

63 

+ 

65 

+ 

68 

7 .37 

1 

7.0 

3 

0.0 

1 

0.0 

1 

44 . 110 

1 

42.0 

1 

44.111 

1 

*6740 

*9503 

44 . 112 

1 

+ 

64 

*9002 

+ 

69 

45.113 

1 

7 . 0 

6 

+ 

66 

0.0 

1 

45.114 

1 

44.110 

1 

0.0 

1 

22 . 66 

1 

44.111 

1 

42 . 0 

1 

*9801 

22.67 

1 

44 . 112 

1 

+ 

70 

45 . 113 

1 

*9501 

0.0 

1; 

*6655 

45.114 

1 

+ 

67 

+ 

62 

48 . 119 

1 

0.0 

1 

7.0 

3 

48.120 

1 

49.121 

1 

49.122 

1 

The  remaining  input  data  for  10-21  Feb  1992  can  be  found 
under  the  "inputl"  directory  on  the  disk  provided  at  the  end 
of  the  appendices . 
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Appendix  E:  GAMS  Results  Using  Full  Test  Mission  Data  Sets 


FEB  03  RESULTS: 


AIRCRAFT  MODEL  STATISTICS 


BLOCKS  OF  EQUATIONS 

4 

SINGLE  EQUATIONS 

BLOCKS  OF  VARIABLES 

2 

SINGLE  VARIABLES 

NON  ZERO  ELEMENTS 

465 

DISCRETE  VARIABLES 

GENERATION  TIME 

= 

1.060  SECONDS 

EXECUTION  TIME 

= 

1.650  SECONDS 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL  STATUS 

1 

OPTIMAL 

****  OBJECTIVE  VALUE 

65.0000 

****  Lp  SOLUTION 

65.0 

INDICATES  IF  TEST  J  RECEIVES  ALL  AIRCRAFT  IN  PERIOD  T 


1 

2 

3 

4 

5 

1 

2 

1.000 

1.000 

1.000 

1.000 

1,000 

+ 

7 

8 

9 

10 

11 

1 

2 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+ 

1 

2 

13 

1 . 000 

14 

1.000 

15 

1.000 

16 

1 . 000 

17 

1.000 

+ 

19 

20 

21 

22 

23 

1 

1 . 000 

1.000 

1.000 

1.000 

1.000 

+• 

25 

26 

27 

28 

29 

1 

2 

1.000 

1.000 

1.000 

1 . 000 

1.000 

+ 

31 

32 

33 

34 

35 

1 

1.000 

1.000 

1.000 

1 . 000 

1.000 

+ 

37 

38 

39 

40 

41 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

+ 

43 

44 

45 

46 

47 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

+ 

49 

50 

51 

52 

53 

1 

2 

1 . 000 

1.000 

1 . 000 

1 . 000 

1 . 000 

+ 

55 

56 

57 

58 

60 

1 

1.000 

1.000 

1.000 

1 . 000 

1 . 000 

127 

133 

132 


6 

1.000 


12 

1 . 000 


18 

1 .000 
24 

1.000 

30 

1 . 000 


36 

1 . 000 
42 

1 . 000 
48 

1 . 000 
54 

1 . 000 


61 

1 . 000 


104 


+  62  63 

1  1,000  1.000 

64  65  66 

1.000  1.000  1  000 

RADAR  MODEL  STATISTICS 

BLOCKS  OF  EQUATIONS 

7 

SINGLE  EQUATIONS 

182 

BLOCKS  OF  VARIABLES 

2 

SINGLE  VARIABLES 

331 

NON  ZERO  ELEMENTS 
GENERATION  TIME 
EXECUTION  TIME 

935 

DISCRETE  VARIABLES 
1.940  SECONDS 

3 . 800  SECONDS 

330 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL  STATUS 
****  OBJECTIVE  VALUE 
****  LP  SOLUTION 

1 

OPTIMAL 

66.0000 

66.0 

INDICATES  IF  TEST  J  RECEIVES  ALL  RADARS  IN  PERIOD  T 


1 

2 

3 

4 

5 

6 

1 

1 . 000 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+ 

7 

8 

9 

10 

11 

12 

1 

1 . 000 

1.000 

1.000 

1,000 

1.000 

1.000 

+ 

13 

14 

15 

16 

17 

18 

1 

1.000 

1.000 

1.000 

1.000 

5 

1.000 

1.000 

+ 

19 

20 

21 

22 

23 

24 

1 

1.000 

1.000 

1.000 

1.000 

3 

1.000 

4 

1.000 

+ 

25 

26 

27 

28 

29 

30 

1 

1 .  f'OO 

1.000 

1 . 000 

1.000 

1.000 

4 

1-000 

+ 

31 

32 

33 

34 

35 

36 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+ 

37 

38 

39 

40 

41 

42 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+ 

43 

44 

45 

46 

47 

48 

1 

1.000 

1.000 

1 . 000 

1.000 

1.000 

1 . 000 

+ 

49 

50 

51 

52 

53 

54 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

4 

1.  000 

+ 

55 

56 

57 

58 

59 

60 

1 

1.000 

1.000 

1.000 

1.000 

1 , 000 

5 

1.000 

+ 

61 

62 

63 

64 

65 

66 

1 

1 . 000 

1 . 000 

1 . 000 

1.000 

1.000 

1 . 000 

105 


EiPiNGE  AREA  MODEL  STATISTICS 


BLOCKS  OF  EQUATIONS 

4 

SINGLE  EQUATIONS 

354 

BLOCKS  OF  VARIABLES 

2 

SINGLE  VARIABLES 

463 

NON  ZERO  ELEMENTS 

1940 

DISCRETE  VARIABLES 

462 

GENERATION  TIME 

= 

3.640  SECONDS 

EXECUTION  TIME 

= 

6.050  SECONDS 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL  STATUS 
****  OBJECTIVE  VALUE 
****  LP  SOLUTION 

8 

INTEGER  SOLUTION 

65.0000 

66.0 

INDICATES  IF  TEST  J  RECEIVES  ALL  RANGES  IN  PERIOD  T 


1 

2 

3 

4 

5 

1 

1.000 

1.000 

1.000 

1.000 

2 

1.000 

+ 

7 

a 

9 

10 

11 

1 

1.000 

1.000 

1 . 000 

3 

1.000 

5 

1.000 

+ 

13 

14 

15 

16 

18 

1 

1.000 

1 . 000 

1 . 000 

4 

1.000 

1.000 

7 

+ 

20 

21 

22 

23 

24 

1 

1.000 

5 

1.000 

7 

1.000 

1.000 

1,000 

+ 

26 

27 

28 

29 

30 

1 

1 .000 

2 

1 . 000 

1.000 

4 

5 

1.000 

1.000 

+ 

32 

33 

34 

35 

36 

2 

1 . 000 

4 

1.000 

6 

1 . 000 

1.000 

7 

1.000 

-f* 

38 

39 

40 

41 

42 

1 

1 . 000 

1.000 

6 

1.000 

1.000 

1.000 

+ 

44 

45 

46 

47 

48 

1 

1 . 000 

1 . 000 

1.000 

1.000 

6 

1.000 

+ 

50 

51 

52 

53 

54 

1 

1 . 000 

t 

3 

1. 000 

1.000 

1.000 

1 . 000 

+ 

56 

57 

58 

59 

60 

1 

1,000 

1.000 

3 

1 . 000 

1 . 000 

5 

1.000 

106 


6 

1.000 

12 

1 . 000 

19 

1,000 

25 

1.000 

31 

1.000 

37 

1.000 

43 

1 . 000 

49 

1 . 000 
55 

1.000 

61 

1 . 000 


62 


63 


64 

1.000 


65 

1.000 


66 

1 , 000 


+ 

1 

4  1.000 

7  1.000 


FEB  04  RESULTS: 

AIRCRAFT  MODEL  STATISTICS 

BLOCKS  OF  EQUATIONS  4  SINGLE  EQUATIONS  147 

BLOCKS  OF  VARIABLES  2  SINGLE  VARIABLES  141 

NON  ZERO  ELEMENTS  549  DISCRETE  VARIABLES  140 

GENERATION  TIME  =  1.250  SECONDS 

EXECUTION  TIME  =  1.830  SECONDS 


SOLVER 

STATUS 

1 

NORMAL  COMPLETION 

*  ***■ 

MODEL 

STATUS 

8 

INTEGER 

SOLUTION 

OBJECTIVE  VALUE 

65.0000 

*  *** 

LP  SOLUTION 

66.8 

INDICATES  IF  TEST  J  RECEIVES 

ALL  AIRCRAFT 

IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1 

1.000 

1.000 

1.000 

1 . 000 

1.000 

2 

1.000 

+ 

7 

8 

9 

10 

11 

12 

1 

1.000 

1.000 

1.000 

2 

1.000 

1,000 

1.000 

+ 

13 

14 

15 

16 

17 

18 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+ 

19 

20 

22 

23 

24 

25 

1 

1 . 000 

1.000 

1.000 

1 . 000 

1,000 

2 

1.000 

+ 

26 

27 

28 

29 

30 

31 

1 

1.000 

1.000 

1.000 

1 , 000 

2 

1.000 

1.000 

+ 

32 

33 

34 

35 

36 

37 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

2 

1.000 

+ 

38 

39 

40 

41 

42 

43 

1 

1.000 

1.000 

1 . 000 

1 . 000 

1.000 

2 

1.000 

+ 

44 

45 

46 

47 

48 

49 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+ 

50 

51 

54 

55 

56 

58 

1 

1.000 

1.000 

1.000 

1 . 000 

2 

1.000 

1 . 000 

+ 

59 

60 

61 

62 

63 

64 

1 

1 . 000 

1 . 000 

1.000 

1.000 

1 . 000 

2 

1 . 000 

+ 

65 

67 

68 

69 

70 

1 

1 . 000 

1.000 

1.000 

1.000 

1 . 000 

107 


RADAR  MODEL  STATISTICS 


BLOCKS  OF  EQUATIONS  7 

BLOCKS  OF  VARIABLES  2 

NON  ZERO  ELEMENTS  1243 
GENERATION  TIME 
EXECUTION  TIME 
****  SOLVER  STATUS  1 

****  MODEL  STATUS  1 

**★*  OBJECTIVE  VALUE 
★***  Lp  SOLUTION 


SINGLE  EQUATIONS 
SINGLE  VARIABLES 
DISCRETE  VARIABLES 
2.360  SECONDS 
4.270  SECONDS 
NORMAL  COMPLETION 
OPTIMAL 

65.0000 

65.0 


212 

351 

350 


INDICATES  IF  TEST  J  RECEIVES  ALL  RADARS  IN  PERIOD  T 


1 

2 

3 

4 

5 

6 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+ 

7 

8 

9 

10 

11 

12 

1 

1.000 

1 . 000 

1.000 

1.000 

1.000 

1.000 

+ 

13 

15 

16 

17 

18 

19 

1 

1.000 

1.000 

1.000 

2 

1 . 000 

3 

1.000 

5 

1.000 

+ 

20 

21 

22 

23 

24 

25 

1 

1 . 000 

1.000 

1.000 

1.000 

4 

1.000 

1.000 

+ 

26 

28 

29 

30 

31 

32 

1 

1.000 

4 

1.000 

5 

1.000 

1.000 

1.000 

1.000 

+ 

33 

34 

35 

36 

37 

38 

1 

1.000 

4 

1.000 

1.000 

1 . 000 

1.000 

5 

1 . 000 

+ 

39 

40 

41 

42 

43 

44 

1 

1.000 

2 

1.000 

3 

1.000 

1.000 

1.000 

4 

1 . 000 

+ 

45 

46 

47 

48 

49 

50 

2 

1.000 

1.000 

1.000 

1.000 

3 

1.000 

1.000 

+ 

51 

52 

55 

56 

57 

58 

1 

1.000 

1.000 

1 . 000 

2 

1 . 000 

1 . 000 

1.000 

+ 

59 

61 

62 

63 

64 

65 

1 

1 . 000 

1.000 

1.000 

1 . 000 

1.000 

5 

1 . 000 

+ 

66 

67 

68 

69 

70 

1 

1 . 000 

1.000 

1 . 000 

5 

1.000 

1.000 

108 


RANGE  AREA  MODEL  STATISTICS 


BLOCKS  OF  EQUATIONS 

4 

SINGLE  EQUATIONS 

337 

BLOCKS  OF  VARIABLES 

2 

SINGLE  VARIABLES 

491 

NON  ZERO  ELEMENTS 

2605 

DISCRETE  VARIABLES 

490 

GENERATION  TIME 

= 

4.680  SECONDS 

EXECUTION  TIME 

= 

7.290  SECONDS 

***★  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  model  STATUS 

8 

INTEGER  SOLUTION 

****  OBJECTIVE  VALUE 

60.0000 

****  LP  SOLUTION 

61.0 

INDICATES  IF  TEST  J  RECEIVES  ALL  RANGES  IN  PERIOD  T 


1 

2 

3 

4 

5 

6 

1 

1.000 

1.000 

1 . 000 

1 . 000 

1.000 

1 . 000 

+ 

7 

8 

9 

10 

11 

12 

1 

1.000 

1 . 000 

2 

1,000 

1.000 

4 

1 . 000 

6 

1 . 000 

+ 

13 

14 

15 

16 

17 

18 

1 

1.000 

1.000 

2 

1.000 

3 

1 . 000 

4 

1.000 

1.000 

+ 

19 

20 

21 

22 

23 

25 

1 

1.000 

3 

1.000 

4 

1 . 000 

6 

1.000 

1 . 000 

7 

1.000 

+ 

26 

27 

28 

29 

30 

31 

1 

1 . 000 

1.000 

1.000 

3 

1 . 000 

4 

1.000 

1 . 000 

+ 

32 

33 

34 

35 

36 

37 

1 

1 . 000 

1.000 

3 

1.000 

1.000 

1.000 

7 

1.000 

+ 

38 

39 

40 

41 

42 

43 

1 

1.000 

2 

1.000 

1 . 000 

1 , 000 

5 

1.000 

7 

1.000 

+ 

45 

46 

47 

48 

49 

SO 

1 

1.000 

3 

1 . 000 

1 . 000 

1.000 

1.000 

1.000 

+ 

51 

52 

58 

62 

63 

64 

1 

1 . 000 

1.000 

5 

1.000 

1 .000 

6 

1 . 000 

1.000 

109 


+  65  ■  6b  67  68  69  70 
1  1.000  1.000  1  OCO 
5  1.000  1.000  1.000 


FEB  05  RESULTS: 


AIRCRAFT  MODEL  STATISTICS 


BLOCKS  OF  EQUATIONS  4  SINGLE  EQUATIONS  135 

BLOCKS  OF  VARIABLES  2  SINGLE  VARIABLES  145 

NON  ZERO  ELEMENTS  539  DISCRETE  VARIABLES  144 

GENERATION  TIME  =  1.210  SECONDS 

EXECUTION  TIME  =  1.780  SECONDS 


ifitlcic 

SOLVER  STATUS 

1 

NORMAL  COMPLETION 

idcicic 

MODEL  STATUS 

8 

INTEGER 

SOLUTION 

■k  ic  ic  "k 

OBJECTIVE 

VALUE 

65 . 0000 

k-kkk 

LP  SOLUTION 

65 . 5 

INDICATES  IF  TEST 

J  RECEIVES 

ALL  AIRCRAFT 

IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1 

1.000 

1 . 000 

1.000 

1.000 

1.  000 

2 

1 . 000 

+ 

7 

8 

9 

10 

11 

12 

1 

1 . 000 

1.000 

1.000 

2 

1.000 

1 . 000 

1.000 

+ 

13 

14 

15 

16 

18 

19 

1 

1.000 

1.000 

1 . 000 

2 

1 . 000 

1.000 

1.000 

+ 

20 

21 

23 

24 

25 

26 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

2 

1 . 000 

+ 

27 

28 

29 

30 

31 

32 

1 

1 . 000 

1 . 000 

1.000 

1.000 

1 . 000 

1.000 

+ 

33 

34 

35 

36 

37 

38 

1 

1.000 

1 . 000 

1 . 000 

1.000 

1 . 000 

1 .  OCO 

+ 

39 

40 

41 

42 

43 

44 

1 

1.000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

+ 

45 

46 

47 

49 

50 

52 

1 

1.000 

1 . 000 

1.000 

1.000 

1 . 000 

1 . 000 

+ 

53 

55 

57 

58 

60 

61 

1 

1 . 000 

1 . 000 

1 , 000 

2 

1.000 

1.000 

1 . 000 

+ 

62 

63 

64 

65 

66 

67 

1 

1.000 

1.000 

1.000 

1.000 

1 . 000 

1  .  000 

+ 

68 

69 

70 

71 

72 

1 

1.000 

1 , 000 

1 . 000 

1 . 000 

.  .  000 

110 


RADAR  MODEL  STATISTICS 

BLOCKS  CF  FQUATIONS  7  SINGLE  EQUATIONS  204 

BLOCKS  OF  VARIABLES  2  SINGLE  VARIABLES  361 

NON  ZERO  ELEMENTS  1104  DISCRETE  VARIABLES  360 

GENERATION  TIME  =  2.120  SECONDS 

EXECUTION  TIME  =  3.870  SECONDS 


*  *  *  * 

SOLVER  STATUS 

1 

NORMAL 

COMPLETION 

*  *  *  * 

.MODEL  STATUS 

8 

INTEGER 

SOLUTION 

*r  ★  *  * 

OBJECTIVE 

VALUE 

69 . 0000 

*  *  *  * 

LP  SOLUTION 

70.0 

INDICATES  IF  TEST 

J  RECEIVES 

ALL  RADARS 

IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1 

1 , 000 

1.000 

1.000 

1.000 

1 . 000 

1 . 000 

+ 

7 

a 

9 

10 

11 

12 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

1  000 

+ 

13 

15 

16 

17 

18 

19 

1 

1 . 000 

1 . 000 

5 

1.000 

1 . 000 

1 , 000 

i  .  000 

+ 

20 

21 

22 

23 

24 

25 

1 

1.000 

4 

1 . 000 

1.000 

1 . 000 

1 , 000 

1 .000 

+ 

26 

27 

28 

29 

30 

31 

1 

1.000 

3 

1 . 000 

1.000 

1.000 

1.000 

1  ,000 

+ 

32 

33 

34 

35 

36 

37 

1 

1 . 000 

2 

1 . 000 

1.000 

1 . 000 

1 . 000 

1 . 000 

+ 

38 

39 

40 

41 

42 

43 

1 

1 . 000 

1.000 

1 . 000 

1 . 000 

1 . 000 

4 

1 . 000 

+ 

44 

45 

46 

47 

48 

49 

1 

1.000 

1 . 000 

1.000 

1 . 000 

1 . 000 

3 

1 , 000 

+ 

50 

51 

52 

53 

54 

55 

1 

1 . 000 

1.000 

2 

1 . 000 

5 

1 . 000 

1 . 000 

1 . 000 

•+■ 

57 

58 

59 

60 

61 

6.’ 

1 

1.000 

2 

1 . 000 

3 

1 . 000 

4 

1 .000 

1 . 000 

1 . 000 

+ 

64 

65 

66 

67 

68 

69 

1 

1 . 000 

3 

1 , 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

f 

70 

71 

72 

1 

1 . 000 

2 

1 . 000 

1 . 000 

111 


RANGE  AREA  MODEL  STATISTICS 


BLOCKS  OF  EQUATIONS 

4 

SINGLE  EQUATIONS 

332 

BLOCKS  OF  VARIABLES 

2 

SINGLE  VARIABLES 

505 

NON  ZERO  ELEMENTS 

2234 

DISCRETE  VARIABLES 

504 

GENERATION  TIME 

= 

3.890  SECONDS 

EXECUTION  TIME 

= 

6.300  SECONDS 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL  STATUS 
****  OBJECTIVE  VALUE 
****  LP  SOLUTION 

8 

INTEGER  SOLUTION 

67 . 0000 

68.0 

INDICATES  IF  TEST  J  RECEIVES  ALL  RANGES  IN  PERIOD  T 


1 

3 

4 

5 

6 

7 

1 

1 , 000 

1 . 000 

1 . 000 

1  -  000 

3 

1 . 000 

1 . 000 

+ 

8 

a 

10 

12 

13 

14 

1 

1 . 000 

1 . 000 

1 . 000 

3 

1.000 

5 

1.000 

1 , 000 

+ 

15 

16 

17 

18 

19 

20 

1 

1 . 000 

1.000 

1.000 

3 

1.000 

6 

1 . 000 

7 

1.000 

+ 

22 

23 

24 

25 

26 

27 

2 

1 . 000 

3 

1 . 000 

1 . 000 

5 

1.000 

1 . 000 

7 

1 . 000 

+ 

28 

29 

30 

31 

32 

33 

1 

1.000 

1 . 000 

4 

1 . 000 

1 . 000 

6 

1.000 

1 . 000 

+ 

34 

35 

36 

37 

38 

39 

1 

1 , 000 

1 . 000 

1.000 

5 

1 . 000 

1 . 000 

1 . 000 

+ 

40 

41 

42 

43 

44 

45 

5 

1 . 000 

1 . 000 

7 

1.000 

1 . 000 

1 . 000 

1.000 

+ 

46 

47 

48 

49 

50 

51 

1 

1 . 000 

1 . 000 

2 

1.000 

l.GOO 

1.000 

3 

1.000 

+ 

52 

53 

54 

55 

56 

58 

2 

1 . 000 

1 .000 

4 

1 . 000 

6 

1 . 000 

7 

1.000 

1 . 000 

+ 

59 

61 

62 

63 

64 

65 

1 

1  .  OOO 

1 . 000 

1.000 

2 

1.000 

1 . 000 

1 . 000 

112 


+ 

66 

67 

68 

69 

70 

7  1 

2 

1 . 000 

1.000 

3 

1.000 

4 

1 . 000 

1 . 000 

1 , 000 

+ 

72 

6 

1.000 

FEB  06  RESULTS 

• 

AIRCRAFT  MODEL 

STATISTICS 

BLOCKS  OF  EQUATIONS 

4  SINGLE  EQUATIONS 

137 

BLOCKS  OF  VARIABLES 

2  SINGLE  VARIABLES 

149 

NON  ZERO  ELEMENTS  561  DISCRETE  VARIABLES 

14  8 

GENERATION  TIME 

1. 

280  SECONDS 

EXECUTION  TIME 

1. 

740  SECONDS 

****  SOLVER  STATU 

1  NORMAL 

COMPLETION 

****  MODEL  STATUS 

8  INTEGER 

SOLUTION 

****  OBJECTIVE 

VALUE 

66.0000 

****  LP  SOLUTION 

66 . 2 

INDICATES  IF  TEST 

J  RECEIVES 

ALL  AIRCRAFT  IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1  1.000 

2 

1.000 

1.000 

1.000 

1 . 000 

1 . 000 

+  7 

8 

9 

10 

11 

12 

1  1.000 

2 

1.000 

1.000 

1 . 000 

1 . 000 

1 . 000 

+  13 

14 

15 

16 

17 

18 

1  1.000 

2 

1 . 000 

1 .  OOu 

1 . 000 

1.000 

1 . 000 

+  19 

20 

21 

22 

23 

24 

1  1.000 

2 

1 . 000 

1.000 

1 . 000 

1.000 

1 , 000 

+  26 

27 

28 

29 

30 

31 

1  l.OOC 

1 . 000 

1.000 

1.000 

1.000 

1 . 000 

+  32 

33 

34 

35 

36 

37 

1  1.000 

2 

1 . 000 

1.000 

1 . 000 

1.000 

1 . 000 

+  38 

39 

40 

41 

42 

43 

1  1.000 

1.000 

1.000 

1.000 

1.000 

1  -  000 

+  44 

45 

46 

47 

48 

49 

1  1.000 

2 

1 . 000 

1.000 

1.000 

1-000 

1 . 000 

+  50 

51 

54 

55 

56 

57 

1  1.000 

2 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+  58 

60 

61 

63 

64 

65 

1  1.000 

2 

1 . 000 

1.000 

1.000 

1 .000 

1 . 000 
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+  69  70  71  72  73  74 

1  1.000  1.000  1.000  1.000  1  000  1  000 


RADAR  MODEL  STATISTICS 

BLOCKS  OF  EQUATIONS  7  SINGLE  EQUATIONS  180 
BLOCKS  OF  VARIABLES  2  SINGLE  VARIABLES  371 
NON  ZERO  ELEMENTS  1242  DISCRETE  VARIABLES  370 
GENERATION  TIME  =  2.330  SECONDS 


EXECUTION  TIME 

4  . 

190  SECONDS 

*  *  *  * 

SOLVER 

STATUS 

1 

NORMAL 

COMPLETION 

*  *  *  * 

MODEL 

STATUS 

8 

INTEGER 

SOLUTION 

*  ★  *  * 

OBJECTIVE  VALUE 

69.0000 

*  *  Hr  * 

LP  SOLUTION 

70.0 

INDICATES  IF  TEST  J  RECEIVES 

ALL  RADARS 

IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1 

1 . 000 

1 . 000 

1  000 

1.000 

1 . 000, 

1  .  000 

+ 

7 

8 

9 

10 

11 

12 

1 

1 . 000 

1 . 000 

1.000 

1 . 000 

1 . 000 

1  .  000 

+ 

13 

14 

15 

16 

17 

18 

1 

1 . 000 

1.000 

1  000 

1 . 000 

1  000 

2 

1.000 

+ 

19 

20 

21 

22 

23 

24 

2 

1.000 

3 

1.000 

1  .  000 

4 

1.000 

1.000 

1.000 

+ 

25 

26 

27 

28 

29 

30 

1 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 .000 

1 .  000 

+ 

31 

32 

33 

34 

35 

36 

1 

1 . 000 

1  000 

1  000 

1 . 000 

1 . 000 

1 . 000 

+ 

37 

38 

39 

40 

41 

42 

1 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

3 

1 . 000 

1  .  000 

+ 

43 

44 

45 

46 

4  7 

48 

1 

1-  000 

2 

1 . 000 

1 . 000 

3 

1 . 000 

1 . 000 

1 . 000 

+ 

49 

50 

51 

52 

53 

54 

4 

1.000 

1 . 000 

5 

1 . 000 

1 . 000 

1.000 

1 . 000 

+ 

55 

56 

57 

58 

59 

60 

1 

1 . 000 

1 . 000 

1 . 000 

1  .  000 

2 

1,000 

3 

1 . 000 

+ 

61 

62 

65 

68 

69 

70 

1 

1 . 000 

1 . 000 

1 .000 

1 . 000 

1 . 000 

4  1.000 
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+  71  72  73  74 

4  l.OCO  1.000  1.000  1.000 


RANGE  AREA  MODEL  STATISTICS 


BLOCKS  OF  EQUATIONS 

4 

SINGLE  EQUATIONS 

341 

BLOCKS  OF  VARIABLES 

2 

SINGLE  VARIABLES 

519 

NON  ZERO  ELEMENTS 

2507 

DISCRETE  VARIABLES 

518 

GENERATION 

TIME 

=  ■ 

4  . 

470  SECONDS 

EXECUTION  TIME 

= 

6. 

890  SECONDS 

****  SOLVER 

STATUS 

1  NORMAL 

COMPLETION 

****  MODEL 

STATUS 

8  INTEGER  SOLUTION 

****  OBJECTIVE  VALUE 

65.0000 

****  LP  SOLUTION 

66.0 

INDICATES  IF  TEST  J 

RECEIVES  ALL  RANGES 

IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1  1.000 

1.000 

1.000 

1.000 

1 , 000 

1 .000 

+  7 

8 

9 

10 

11 

12 

1  1.000 

2 

3 

5 

1.000 

1.000 

1.000 

1 .000 

6 

1.000 

+  13 

14 

15 

16 

17 

18 

1  1.000 

5 

7 

1 . 000 

1.000 

1.000 

1.000 

1.000 

+  19 

20 

21 

22 

23 

24 

2 

3 

4 

5  1.000 

6 

1 . 000 

1.000 

1.000 

1 . 000 

1.000 

+  25 

26 

27 

28 

29 

30 

1 

2 

3  1.000 

7 

1 . 000 

1.000 

1 . 000 

1.000 

1 .000 

+  31 

33 

34 

15 

36 

37 

1 

4  1.000 

1.000 

1.000 

1.000 

1.000 

1 .000 

+  38 

39 

40 

41 

42 

43 

5 

7  l.OOC 

1 , 000 

1.000 

1.000 

1.000 

1 . 000 

+  44 

45 

46 

47 

48 

49 

1 

2  1.000 

5 

1 . 000 

1 . 000 

1.000 

6  1.000  1.000 
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+ 

50 

51 

52 

54 

57 

58 

1 

1.000 

3 

1.000 

4 

1  000 

1 .000 

6 

1 . 000 

1.000 

+ 

60 

63 

64 

66 

67 

69 

1 

1.000 

2 

1.000 

1 .000 

1  .  000 

4 

1 . 000 

6 

1.000 

+ 

70 

71 

72 

73 

74 

1 

1 . 000 

1 .000 

1 . 000 

2 

1 . 000 

3 

1.000 

FEB  07  RESULTS 

: 

AIRCRAFT  MODEL 

STATISTICS 

BLOCKS  OF  EQUATIONS 

4 

SINGLE  EQUATIONS 

141 

BLOCKS  OF  VARIABLES 

2 

SINGLE  VARIABLES 

141 

NON  ZERO  ELEMENTS 

507 

DISCRETE  VARIABLES 

140 

GENERATION  TIME 

= 

1.240  SECONDS 

EXECUTION  TIME 

= 

1.750  SECONDS 

****  SOLVER  STATUS 

1  NORMAL  COMPLETION 

****  MODEL  STATUS 

8  INTEGER  SOLUTION 

****  OBJECTIVE 

VALUE 

66.0000 

****  LP  SOLUTION 

66.75 

INDICATES  IF  TEST 

J  RECEIVES  ALL  AIRCRAFT  IN  PERIOD  T 

1 

2 

4 

5 

6 

7 

1  1.000 

1.000 

1.000 

1.000 

1 . 000 

1.000 

+  8 

9 

10 

11 

12 

13 

1  1.000 

2 

1 . 000 

1 . 000 

i  .000 

1 . 000 

1 . 000 

+  14 

15 

16 

17 

18 

20 

1  1.000 

2 

1.000 

1 . 000 

1.000 

1 . 000 

1.000 

+  21 

22 

23 

24 

25 

26 

1  1.000 

1.000 

1 . 000 

1.000 

1 . 000 

1.000 

+  27 

28 

29 

30 

31 

32 

1  1.000 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+  33 

34 

35 

36 

37 

38 

1  1.000 

1.000 

1 . 000 

1.000 

1 .000 

1 . 000 

+  39 

40 

41 

42 

43 

44 

1  1.000 

2 

1.000 

1 . 000 

1.000 

1 . 000 

1.000 

+  45 

46 

47 

48 

49 

50 

1  1.000 

2 

1 . 000 

1.000 

1.000 

1 .000 

1 . 000 
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+  51 

52 

53 

54 

55 

57 

1 

2  1,000 

1.000 

1 . 000 

1.000 

1  000 

I  000 

+  58 

59 

60 

61 

62 

63 

1  1.000 

2 

1.000 

1 . 000 

1.000 

1  .  COO 

1  000 

+  65 

66 

67 

68 

69 

70 

1  1.000 

1.000 

1.000 

1 . 000 

1 . 000 

1 , 000 

RADAR  MODEL 

STATISTICS 

BLOCKS  OF  EQUATIONS 

7  SINGLE  EQUATIONS 

208 

BLOCKS  OF  VARIABLES 

2  SINGLE  VARIABLES 

351 

NON  ZERO  ELEMENTS 

1045  DISCRETE  VARIABLES 

350 

GENERATION 

TIME 

= 

2. 

010  SECONDS 

EXECUTION  TIME 

= 

3  . 

870  SECONDS 

****  SOLVER 

STATUS 

1  NORMAL 

COMPLETION 

****  MODEL 

STATUS 

1  OPTIMAL 

****  OBJECTIVE  ■ 

VALUE 

70 . 0000 

****  LP  SOLUTION 

70.0 

INDICATES  IF  TEST  J 

RECEIVES 

ALL  RADARS 

IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1  1.000 

1.000 

1.000 

1 . 000 

1 , 000 

1 . 000 

+  7 

8 

9 

10 

11 

12 

1  1.000 

1.000 

1.000 

1.000 

1 . 000 

1 . 000 

+  13 

14 

15 

16 

17 

18 

1  1.000 

2 

4 

1.000 

1.000 

1 , 000 

1 . 000 

1,000 

+  19 

20 

21 

22 

23 

24 

1  1.0  T 

1.000 

1  000 

1 . 000 

1 , 000 

1 . 000 

+  25 

26 

27 

28 

29 

30 

1  1.000 

1.000 

1 . 000 

1 . 000 

1.000 

1 . 000 

+  31 

32 

33 

34 

35 

36 

1  1,000 

2 

1 .000 

1.000 

1 . 000 

1.000 

1 , 000 

+  37 

38 

39 

40 

41 

42 

1  1.000 

5 

1.000 

1.000 

1.000 

1 . 000 

1 . 000 

+  43 

44 

45 

46 

47 

48 

1 

3 

5  1 . 000 

1 .000 

1 . 000 

1,000 

1 . 000 

1 . 000 

+  49 

50 

51 

52 

53 

54 

1  1 . 000 

2 

4 

1.000 

1.000 

1 . 000 

1 . 000 

1 , 000 
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+ 

55 

56 

57 

58 

59 

60 

J 

1 . 000 

1 . 000 

1.000 

1 . 000 

4 

1 ,000 

5 

1 , 000 

+ 

61 

62 

63 

64 

65 

66 

1 

1 .000 

3 

1.000 

1 . 000 

1.000 

1.000 

1.000 

+ 

67 

68 

69 

70 

1 

1 , 000 

1.000 

1 .  OOO 

1.000 

RANGE  AREA  MODEL  STATISTICS 

BLOCKS  OF  EQUATIONS  4 

BLOCKS  OF  VARIABLES  2 

NON  ZERO  ELEMENTS  2024 
GENERATION  TIME 
EXECUTION  TIME 
****  SOLVER  STATUS  1 

****  model  STATUS  1 

****  OBJECTIVE  VALUE 
****  LP  SOLUTION 


SINGLE  EQUATIONS  344 

SINGLE  VARIABLES  491 

DISCRETE  VARIABLES  490 
3.790  SECONDS 
6.360  SECONDS 
NORMAL  COMPLETION 
OPTIMAL 

69.0000 

69.0 


INDICATES  IF  TEST  J  RECEIVES  ALL  RANGES  IN  PERIOD  T 


1 

2 

3 

4 

5 

6 

1 

1.000 

1 . 000 

1 .  OOO 

1.000 

1 . 000 

4 

1.000 

+ 

7 

8 

9 

10 

11 

12 

1 

1  000 

1.000 

1.000 

1 . 000 

2 

1,000 

6 

1.000 

■1- 

13 

14 

15 

16 

17 

18 

1 

1 . 000 

1.000 

1 . 000 

3 

1 . 000 

4 

1.000 

5 

1 . 000 

+ 

19 

20 

21 

22 

23 

24 

1 

1 . 000 

1 .000 

1 . 000 

1.000 

3 

1-000 

6 

1.000 

+ 

25 

26 

27 

29 

30 

31 

1 

1 . 000 

1.000 

3 

1 , 000 

1.000 

5 

1  .  OOO 

7 

1 . 000 

+ 

32 

33 

34 

35 

36 

37 

1 

1 . 000 

1.000 

1.000 

1.000 

1 . 000 

3 

1.000 

+ 

38 

39 

40 

41 

42 

43 

1 

1.000 

1 . 000 

2 

1 .000 

1 . 000 

5 

1 . 000 

1 . 000 
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--JLnto+  O'lUiuil-' 


44 

45 

46 

47 

48 

49 

1 . 000 

1.000 

1 , 000 

1.000 

1,000 

1.000 

50 

51 

52 

53 

54 

55 

1 . 000 

1 .000 

1 . 000 

1.000 

1 . 000 

1 . 000 

56 

57 

58 

59 

60 

61 

1.000 

1.000 

1 . 000 

1. 000 

1.000 

1 .000 

62 

63 

64 

65 

66 

67 

1.000 

1.000 

1  000 

1 . 000 

1.000 

1 . 000 

68 

69 

70 

1.000 

1 . 000 

1.000 

The  remaining  output  data  for  10-21  Feb  1992  can  be  found 
under  the  outputl"  directory  on  the  disk  provided  at  the  end 
of  the  appendices. 
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Appendix  F:  GAMS  Results  Using  Reduced  Test  Mission  Data  Sets 


FEB  03  RESULTS: 


AIRCRAFT  MODEL  STATISTICS 


****  SOLVER  STATUS 
****  MODEL  STATUS 
****  OBJECTIVE  VALUE 
****  LP  SOLUTION 


1  NORMAL  COMPLETION 
8  INTEGER  SOLUTION 
56 . 0000 
57 . 0 


INDICATES 

IF  TEST  J 

RECEIVES  ALL 

AIRCRAFT  IN 

PERIOD  T 

1 

1  1,000 

2 

2 

1 . 000 

3 

1.000 

4 

1.000 

5 

1 , 000 

6 

1.000 

+  7 

1  1.000 

8 

1.000 

9 

1 . 000 

10 

1.000 

11 

12 

1 . 000 

2 

1.000 

13 

1  l.OOf' 

IS 

1 . 000 

16 

1 . 000 

17 

1.000 

18 

1 . 000 

19 

1 . 000 

+  20 

1  1,000 
o 

21 

1.000 

22 

1.000 

23 

1 . 000 

24 

1 . 000 

25 

ai 

1 . 000 

+  26 

1  1.000 

27 

1 . 000 

28 

1 . 000 

29 

1.000 

30 

1.000 

31 

1 . 000 

+  32 

1  1.000 

33 

1.000 

34 

1 . 000 

35 

1.000 

36 

1 . 000 

37 

1 . 000 

+  38 

1  1.000 

39 

1 . 000 

40 

1 . 000 

41 

1,000 

42 

1 . 000 

43 

1,000 

+  44 

1  1,000 

45 

1.000 

46 

1.000 

47 

3  .  000 

48 

1 . 000 

49 

1 . 000 

+  50 

1  1.000 

51 

1.000 

52 

1 . 000 

53 

1.000 

54 

1 . 000 

55 

1 . 000 

+  56 

57 

1  1.000 

1,000 
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RADAR  MODEL  STATISTICS 

****  SOLVER  STATUS  1  NORMAL  COMPLETION 

****  MODEL  STATUS  1  OPTIMAL 

****  OBJECTIVE  VALUE  57.0000 


****  LP 

SOLUTION 

57 . 0 

INDICATES 

IF  TEST  J 

RECEIVES  ALL 

RADARS  IN  PERIOD 

T 

1 

2 

3 

4 

5 

6 

1  1.000 

1.000 

1 . 000 

1.000 

1.000 

1.000 

+  7 

a 

9 

10 

11 

12 

1  1.000 

3 

1.000 

1.000 

1.000 

1 . 000 

1.000 

+  13 

14 

15 

16 

17 

18 

1  1.000 

2 

3 

1 . 000 

1 . 000 

1.000 

1 . 000 

1 . 000 

+  19 

20 

21 

22 

23 

24 

1  1.000 

2 

4 

1.000 

1.000 

1.000 

1 . 000 

1 . 000 

+  25 

26 

27 

28 

29 

30 

1 

2  1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+  31 

32 

33 

34 

35 

36 

1  1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+  37 

38 

39 

40 

41 

42 

1  1.000 

1 . 000 

1.000 

1.000 

1.000 

1.000 

+  43 

44 

45 

46 

47 

48 

1  1.000 

1.000 

1.000 

1.000 

1 . 000 

1.000 

+  49 

50 

51 

52 

53 

54 

1  1.000 

1 . 000 

1 . 000 

1.000 

1 . 000 

1 . 000 

+  55 

56 

57 

1  1.000 

1 . 000 

1 . 000 

RANGE  AREA  MODEL  STATISTICS 

****  SOLVER  STATUS  1  NORMAL  COMPLETION 

♦***  MODEL  STATUS  8  INTEGER  SOLUTION 

**★*  OBJECTIVE  VALUE  56.0000 

****  LP  SOLUTION  57.0 

INDICATES  IF  TEST  J  RECEIVES  ALL  RANGES  IN  PERIOD  T 

1  3  4  5  6  7 

1  1.000  1.000  1.000  1.000  1.000  1.000 

+8  9  10  11  12  13 

1  1.000  1.000  1.000  1.000  1.000 
7  1.000 
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+  14 

15 

16 

17 

18 

19 

1 

3  1.000 

4 

6 

1.000 

1 . 000 

1.000 

1.000 

1 . 000 

+  20 

21 

22 

23 

24 

25 

1 

4 

5 

6  1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+  26 

27 

28 

29 

30 

31 

2  1.000 

4 

5 

1.000 

1.000 

1.000 

1.000 

1.000 

+  32 

1  1.000 

33 

34 

35 

36 

37 

4 

1 . 000 

7 

1 . 000 

1.000 

1.000 

1.000 

+  38 

39 

40 

41 

42 

43 

1 

3 

6 

7  1.000 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+  44 

45 

46 

47 

48 

49 

2 

5 

6  1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

-t-  50 

51 

52 

53 

54 

55 

1 

5  1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+  56 

57 

1  1.000 

1 . 000 

FEB  04  RESULTS: 

AIRCRAFT 

MODEL  STATISTICS 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL 

STATUS 

8 

INTEGER  SOLUTION 

****  OBJECTIVE  VALUE 

53.0000 

****  LP 

SOLUTION 

55.0 

INDICATES 

IF 

TEST  J  RECEIVES  ALL  AIRCRAFT  IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1  1.000 

2 

1.000 

1.000 

1  .000 

1.000 

1.000 

+  7 

8 

9 

10 

11 

12 

1  1.000 

2 

1.000 

1.000 

l.OCO 

1 . 000 

1.000 

+  13 

14 

15 

16 

17 

19 

1  1.000 

1.000 

1 . 000 

1.000 

1.000 

1.000 

122 


+  20 

21 

22 

23 

24 

25 

1 

2  1.000 

1 . 000 

1 . 000 

1.000 

1 . 000 

1 . 000 

+  26 

27 

28 

29 

30 

31 

1  1.000 

2 

1.000 

1.000 

1.000 

1 . 000 

1.000 

+  32 

33 

34 

35 

36 

37 

1  1.000 

1.000 

1.000 

l.OOC 

1.000 

1.000 

+  38 

39 

40 

41 

42 

43 

1  1.000 

2 

1.000 

1.000 

1.000 

1.000 

1.000 

+  44 

45 

46 

47 

48 

50 

1  1.000 

2 

1.000 

1.000 

1.000 

1.000 

1.000 

+  51 

53 

54 

55 

56 

1  1.000 

1.000 

1.000 

1.000 

1 . 000 

RADAR  MODEL 

STATISTICS 

****  SOLVER 

STATUS 

1 

NORMAL  COMPLETION 

****  MODEL 

STATUS 

1 

OPTIMAL 

****  OBJECTIVE  VALUE 

54 . 0000 

****  LP 

SOLUTION 

54 . 0 

INDICATES 

IF  TEST  J  RECEIVES  ALL  RADARS  IN 

PERIOD  T 

1 

2 

3 

4 

5 

6 

1  1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

+  7 

a 

9 

10 

11 

12 

1  1.000 

1.000 

1 . 000 

1.000 

1.000 

1.000 

+  13 

14 

15 

16 

17 

18 

1  1.000 

3 

5 

1.000 

1.000 

1.000 

1.000 

1.000 

+  19 

20 

21 

22 

23 

24 

1  1.000 

3 

4 

1 . 000 

1.000 

1.000 

1.000 

1.000 

+  25 

26 

27 

28 

29 

30 

1  1.000 

1 . 000 

1.000 

1.000 

1.000 

1.000 

-t-  31 

32 

33 

34 

35 

36 

1  1.000 

1 . 000 

1.000 

1.000 

1.000 

1 . 000 

+  37 

38 

39 

40 

41 

43 

1  1.000 

2 

5 

1.000 

1 . 000 

1.000 

1.000 

1.000 

+  44 

45 

46 

48 

49 

50 

1 

2  1.000 

1.000 

1.000 

1.000 

1.000 

1.000 
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Ch^h-*+  U>l-J+  U>tOM+  (T^lsJH 


+  51 

52 

53 

54 

55 

56 

1  1.000 

1.000 

1.000 

1.000 

1.000 

1 . 000 

RANGE  AREA 

MODEL  STATISTICS 

****  Solver  status 

1 

NORMAL  COMPLETION 

****  MODEL 

STATUS 

1 

OPTIMAL 

****  OBJECTIVE  VALUE 

52 . 0000 

****  LP 

SOLUTION 

52 . 0 

INDICATES 

IF 

TEST  J  RECEIVES  ALL  RANGES  IN 

PERIOD  T 

1 

2 

3 

4 

5 

6 

1  1.000 

6 

1.000 

1.000 

1.000 

1 . 000 

1.000 

+  7 

8 

9 

10 

11 

12 

1 

2 

1.000 

1.000 

1.000 

1.000 

1 .000 

6  1.000 

+  13 

1 

14 

15 

16 

17 

18 

1.000 

2  1.000 

4 

5 

7 

1.000 

1.000 

1.000 

1 . 000 

+  19 

20 

21 

22 

23 

24 

1  1.000 

2 

3 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+  25 

26 

27 

28 

29 

30 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

3  1.000 

+  31 

1 

32 

33 

34 

35 

36 

1.000 

4  1.000 

6 

1.000 

1.000 

1.000 

1.000 

+  37 

38 

39 

40 

41 

43 

1  1.000 

2 

4 

1 . 000 

1.000 

1.000 

1 . 000 

1.000 

+  44 

45 

46 

49 

50 

51 

1 

1 . 000 

1.000 

2 

5 

1.000 

1.000 

6  1.000 

7 

1.000 

+  53 

54 

55 

56 

1 

6  1.000 

1  000 

1.000 

1.000 
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FEB  05  RESULTS: 

AIRCRAFT  MODEL  STATISTICS 

****  SOLVER  STATUS  1  NORMAL  COMPLETION 

****  MODEL  STATUS  8  INTEGER  SOLUTION 

****  OBJECTIVE  VALUE  51.0000 

****  LP  SOLUTION  52.75 


INDICATES 

IF 

TEST  J  RECEIVES  ALL 

AIRCRAFT  IN 

PERIOD  T 

1 

2 

3 

4 

5 

6 

1  1.000 

2 

1.000 

1 . 000 

1.000 

1.000 

1 . 000 

+  7 

3 

9 

10 

12 

14 

1  1.000 

2 

1 . 000 

1 . 000 

1.000 

1.000 

1 . 000 

+  15 

16 

17 

18 

19 

20 

1  1.000 

2 

1 . 000 

1.000 

1.000 

1.000 

1 . 000 

+  21 

22 

23 

24 

25 

26 

1  1.000 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+  27 

28 

29 

30 

31 

32 

1  1.000 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+  33 

34 

35 

36 

37 

38 

1  1.000 

2 

1.000 

1.000 

1.000 

1.000 

1.000 

+  39 

41 

42 

43 

44 

45 

1  1.000 

2 

1 . 000 

1.000 

1.000 

1.000 

1 . 000 

+  46 

47 

48 

49 

50 

51 

1  1.000 

1 . 000 

1 . 000 

1.000 

1.000 

1 . 000 

+  52 

53 

54 

1  1.000 

1.000 

1 . 000 

RADAR  MODEL  STATISTICS 

****  SOLVER  STATUS 

1  NORMAL  COMPLETION 

****  MODEL 

STATUS 

1  OPTIMAL 

****  OBJECTIVE  VALUE 

53 . 0000 

****  LP 

SOLUTION 

53 . 0 

INDICATES 

IF 

TEST  J  RECEIVES  ALL 

RADARS  IN  PERIOD 

T 

1 

2 

3 

4 

5 

6 

1  1.000 

1 . 000 

1 . 000 

1.000 

1 . 000 

1 .000 

+  7 

8 

9 

10 

11 

12 

1  1.000 

1.000 

1.000 

1.000 

1 . 000 

1 .000 
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+  13 

14 

IS 

16 

17 

18 

1 

3 

4  1.000 

1 . 000 

1 . 000 

1 .000 

1 . 000 

1 .000 

+  19 

20 

:  1 

22 

23 

24 

1  1.000 

2 

1 . 000 

1 . 000 

1 .000 

1 . 000 

1 . 000 

+  25 

26 

27 

28 

29 

30 

1  1.000 

1 . 000 

1 . 000 

1 . 000 

1.000 

1 . 000 

+  31 

32 

33 

34 

35 

36 

1  1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1.000 

+  37 

3B 

39 

40 

41 

42 

1  1-000 

2 

5 

1 . 000 

1 . 000 

1.000 

1 . 000 

1.000 

+  43 

44 

46 

47 

48 

49 

1  1.000 

1 . 000 

1 .  OOO 

1  .000 

1 . 000 

1.000 

+  50 

51 

52 

53 

54 

1  1.000 

1 . 000 

1.000 

1.000 

1.000 

RANGE  AREA 

MODEL  STATISTICS 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL 

STATUS 

1 

OPTIMAL 

***★  OBJEC' 

TIVE  VALUE 

51.0000 

****  Lp 

SOLUTION 

51.0 

INDICATES 

IF 

TEST  J  RECEIVES  ALL  RANGES  IN  PERIOD 

T 

1 

2 

4 

5 

6 

7 

1  1.000 

2 

1 . 000 

1.000 

1 . 000 

1 . 000 

1.000 

+  8 

9 

10 

11 

12 

13 

1  1.000 

3 

6 

1 .000 

1 . 000 

1 . 000 

1 . 000 

1  .  COO 

+  14 

16 

17 

18 

19 

20 

1 

7  1 , 000 

1 . 000 

1. 000 

1  000 

1 . 000 

1 . 000 

+  21 

22 

23 

24 

25 

26 

1  1.000 

3 

5 

I  .  000 

1.000 

1.000 

1 . 000 

1 . 000 

+  27 

28 

29 

30 

31 

32 

1  1.000 

1 . 000 

1 . 000 

1 .000 

1 . 000 

1.000 

+  33 

34 

35 

36 

37 

38 

1 

3  1.000 

6 

1 . 000 

1 . 000 

1.000 

1 . 000 

1 . 000 
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+  39 

41 

42 

43 

44 

45 

1 

2 

4  1.000 

1.000 

1,000 

1.000 

1 . 000 

1 . 000 

+  4  6 

1  1.000 

47 

48 

49 

50 

51 

2 

1.000 

1.000 

1.000 

1 . 000 

6 

1.000 

+  52 

53 

54 

6  1.000 

1.000 

1 . 000 

FEB  06  RESULTS: 

AIRCRAFT 

MODEL  STATISTICS 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  model 

STATUS 

8 

INTEGER  SOLUTION 

****  OBJECTIVE  VALUE 

50.0000 

****  Lp 

SOLUTION 

51.0 

INDICATES 

IF 

TEST  J  RECEIVES  ALL  AIRCRAFT  IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1  1.000 

2 

1.000 

1.000 

1.000 

1.000 

1,000 

+  7 

8 

9 

10 

1  ' 

12 

1  1.000 

2 

1,000 

1.000 

1.000 

1 .  .  ) 

1 , 000 

+  13 

14 

15 

16 

17 

18 

1  1.000 

1,000 

1 . 000 

1.000 

1.000 

1.000 

+  19 

20 

21 

22 

23 

24 

1  1.000 

2 

l.OOC 

1 . 000 

1.000 

l.OCO 

1 . 000 

+  25 

26 

27 

28 

29 

30 

1  1.000 

1,000 

1 . 000 

1 . 000 

1 . 000 

1.000 

+  31 

32 

33 

34 

35 

36 

1  1.000 

1,000 

1 .  oco 

1.000 

1,000 

1 . 000 

+  37 

38 

39 

41 

43 

45 

1 

2  1.000 

1,000 

1.000 

1 . 000 

1.000 

1.000 

+  4  6 

47 

51 

52 

53 

54 

1  1,000 

1,000 

1 . 000 

1 . 000 

1 , 000 

1.000 

+  55 

56 

1  1.000 

1,000 
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RADAR  MODEL  STATISTICS 

****  SOLVER  STATUS  1  NORMAL  COMPLETION 

****  MODEL  STATUS  8  INTEGER  SOLUTION 


'klclt’k 

OBJECTIVE 

VALUE 

54.0000 

•k  -k  it  it 

LP  SOLUTION 

55.0 

INDICATES  IF  TEST 

J  RECEIVES 

ALL  RADARS  IN 

PERIOD  T 

1 

2 

3 

4 

5 

6 

1 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

+ 

7 

8 

9 

10 

11 

12 

1 

1 , 000 

1.000 

1 . 000 

1 . 000 

1 . 000 

1  000 

+ 

13 

14 

15 

16 

17 

18 

1 

1 . 000 

1.000 

1.000 

1 . 000 

1 . 000 

4 

1 . 000 

+ 

19 

20 

21 

22 

23 

24 

1 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

3 

1 . 000 

+ 

25 

26 

27 

28 

29 

30 

1 

1.000 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+ 

31 

32 

33 

34 

35 

36 

1 

1 . 000 

1 . 000 

1.000 

1 . 000 

3 

1.000 

4 

1.000 

+ 

37 

38 

39 

41 

42 

43 

1 

1.000 

1 . 000 

1 . 000 

1 . 000 

2 

1.000 

5 

1.000 

+ 

44 

45 

46 

47 

48 

50 

1 

1.000 

1 . 000 

1 . 000 

2 

1.000 

1 . 000 

5 

1.000 

+ 

51 

52 

53 

54 

55 

56 

1 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

RANGE  AREA  MODEL  STATISTICS 


****  SOLVER  STATUS  1  NORMAL  COMPLETION 


****  model 

STATUS 

1 

OPTIMAL 

****  OBJECTIVE  VALUE 

52.0000 

****  LP 

SOLUTION 

52.0 

INDICATES 

IF 

TEST  J  RECEIVES  ALL  RANGES  IN 

PERIOD 

T 

1 

2 

3 

4 

5 

6 

1  1 . 000 

1,000 

1.000 

1.000 

1 . 000 

1 . 000 

+  7 

8 

9 

10 

11 

12 

1  1.000 

2 

7 

1 . 000 

1 . 000 

1.000 

1 . 000 

1.000 
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+  13 

14 

15 

16 

17 

18 

1  1.000 

3 

5 

1 . 000 

1 . 000 

1.000 

1 , 000 

1.000 

+  19 

20 

21 

22 

23 

24 

1  1.000 

3 

1.000 

1.000 

1.000 

1.000 

1 , 000 

+  25 

26 

27 

28 

29 

30 

1 

6  1.000 

7 

1.000 

1 . 000 

1.000 

1 . 000 

1 . 000 

+  31 

32 

33 

34 

35 

36 

1  1.000 

5 

1.000 

1.000 

1.000 

1 . 000 

1.000 

+  37 

38 

39 

40 

41 

43 

1  1.000 

3 

4 

6 

1 . 000 

1 . 000 

1.000 

1 . 000 

1.000 

+  45 

48 

49 

50 

51 

52 

4 

6  1.000 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+  53 

54 

55 

56 

2  1.000 

1.000 

1.000 

1.000 

FEB  07  RESULTS; 

AIRCRAFT 

MODEL  STATISTICS 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL 

STATUS 

8 

INTEGER  SOLUTION 

****  OBJECTIVE  VALUE 

43.0000 

****  LP 

SOLUTION 

44 . 2 

INDICATES 

IF 

TEST  J  RECEIVES  ALL  AIRCRAFT  IN  PERIOD  T 

1 

2 

3 

4 

5 

6 

1  1.000 

1 . 000 

1 . 000 

1.000 

1.000 

1 . 000 

+  7 

8 

9 

10 

11 

12 

1  1.000 

1 . 000 

1.000 

1,000 

1.000 

1 . 000 

+  13 

14 

15 

16 

17 

18 

1 

2  1.000 

1 . 000 

1 . 000 

1.000 

1.000 

1 . 000 

+  19 

20 

21 

22 

23 

24 

1  1.000 

2 

1 . 000 

1 . 000 

1.000 

1.000 

1 . 000 

+  25 

26 

27 

28 

29 

30 

1  1.000 

2 

1 , 000 

1 . 000 

1.000 

1.000 

1 . 000 
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+  31 

32 

34 

35 

36 

37 

1  1.000 

2 

1 . 000 

1 .000 

1.000 

1 . 000 

1 . 000 

+  38 

41 

42 

43 

44 

45 

1 

2  1.000 

1 . 000 

1 .000 

1 . 000 

1.000 

1 . 000 

+  46 

1  1.000 

RADAR  MODEL  STATISTICS 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL  STATUS 

1 

OPTIMAL 

****  OBJECTIVE  VALUE 

46.0000 

****  LP 

SOLUTION 

46 . 0 

INDICATES 

IF  TEST  J  RECEIVES  ALL  RADARS  IN  1 

PERIOD 

T 

1 

2 

3 

4 

5 

6 

1  1.000 

1.000 

1 . 000 

1.000 

1.000 

1 . 000 

+  7 

8 

9 

10 

11 

12 

1  1.000 

2 

4 

1-000 

1.000 

1.000 

1.000 

1 . 000 

+  13 

14 

15 

16 

17 

18 

1  1.000 

1.000 

1.000 

1.000 

1.000 

1 . 000 

+  19 

20 

21 

22 

23 

24 

1  1.000 

1 . 000 

1.000 

1.000 

1.000 

1 . 000 

+  25 

26 

27 

28 

29 

30 

1  1.000 

2 

3 

1.000 

1.000 

1.000 

1 . 000 

1 . 000 

+  31 

32 

33 

34 

35 

36 

1 

2 

3  1.000 

1 . 000 

1.000 

1.000 

1.000 

1 . 000 

+  37 

38 

39 

40 

41 

42 

1  1.000 

1 . 000 

1.000 

1.000 

1 . 000 

1 . 000 

+  43 

44 

45 

46 

1  1.000 

1.000 

1.000 

1.000 
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RANGE  AREA  MODEL  STATISTICS 


****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL 

STATUS 

1 

OPTIMAL 

****  OBJECTIVE  VALUE 

46 .0000 

****  LP  SOLUTION 

46.0 

INDICATES  IF 

TEST  J  RECEIVES  ALL  RANGES  IN 

PERIOD 

T 

1 

2 

3 

4 

5 

6 

1  1.000 

1.000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

+  7 

8 

9 

10 

11 

12 

1  1.000 

2 

4 

7 

1.000 

1 . 000 

1.000 

1 . 000 

1 . 000 

+  13 

14 

15 

16 

17 

18 

1 

4  1.000 

1.000 

1.000 

1.000 

1 . 000 

1 . 000 

+  19 

20 

21 

22 

23 

24 

1  1.000 

7 

1 . 000 

1.000 

1.000 

1.000 

1 . 000 

+  25 

26 

27 

28 

29 

30 

2 

3 

6  1.000 

7 

1.000 

1.000 

1.000 

1.000 

1.000 

+  31 

32 

33 

34 

35 

36 

1  1.000 

2 

4 

6 

1.000 

1.000 

1.000 

1.000 

1.000 

+  37 

38 

39 

40 

41 

42 

1  1.000 

3 

6 

1.000 

1.000 

1.000 

1 .  OOO 

1.000 

+  43 

44 

45 

46 

3  1.000 

6 

1.000 

1.000 

1.000 

The  remaining  output  data  for  10-21  Feb  1992  can  be  found 
under  the  '’output2"  directory  on  the  disk  provided  at  the  end 
of  the  appendices . 
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Appendix  6:  Comparison  of  Actual  Versus  Modeled  Results 
Using  Full  Test  Mission  Data  Sets 


The  following  weekly  listings  of  TW  missions  are 
presented  by  mission  number  with  codes  identifying  only 
missions  that  were  non-scheduled  or  canceled. 


Actual 

i 

Model  1 

Non-Scheduled  Reasons; 

A  =  Aircraft 

a  =  aircraft  j 

R  =  Radar 

r  =  radar  | 

RA  =  Range  Area 

ra  =  range  area  ! 

OT  =  Other 

1 

1 

Canceled  Reasons: 

BU  =  Backup  or  Alternate  Mission  1 

CX  =  Canceled  for 

Other  reasons  j 

1 

WEEK  OF  03-07  FEB  1992 


FEB  03 

FEB  04 

FEB  05 

FEB  1 

06 

FEB  07 

01 

5278 

5279 

5281 

5282 

5022 

02 

5399 

5400 

5402 

ra 

5404 

5283 

03 

5406 

5412 

RA 

5417 

5426 

5405 

a 

04 

5407 

5413 

5419 

5428 

5435 

05 

5408 

5414 

5421 

5431 

5436 

06 

5411 

5415 

RA 

5424 

5433 

5479 

BU 

07 

5475 

BU 

5476 

5477 

BU 

5434 

5493 

BU 

08 

5489 

BU 

5490 

5491 

BU 

5478 

5504 

BU 

09 

5500 

5501 

BU 

5502 

5492 

BU 

5517 

BU 

10 

5513 

5514 

5515 

5503 

5529 

BU 

11 

5524 

A 

5526 

BU 

5527 

BU,ra 

5516 

5541 

BU 

12 

5537 

5538 

5539 

5528 

5551 

13 

5547 

5548 

OT 

5549 

BU 

5540 

5603 

14 

5593 

5588 

CX,r 

5596 

BU,r 

5550 

5647 

15 

5599 

5600 

5601 

5589 

BU 

5652 

16 

5636 

5639 

5645 

5602 

5657 

ra 

17 

5637 

r 

5640 

R 

5650 

a 

5646 

5760 

ra 

18 

5643 

5641 

R,  RA 

5655 

5651 

5763 

ra 

19 

5648 

5642 

R,  RA 

5658 

5656 

5947 

a 

20 

5653 

5644 

5659 

RA 

5665 

CX 

5949 

BU 

21 

5724 

5649 

a 

5696 

ra 

5757 

CX 

5951 

BU 

22 

5727 

5654 

5788 

a 

5758 

5954 

BU 

23 

5731 

5664 

5792 

5761 

CX 

5957 

BU 

24 

5742 

5728 

a,  ra 

5796 

BU 

5762 

5964 

BU 

25 

5751 

A 

5733 

5800 

BU 

5789 

a 

5968 

BU 

26 

5753 

A 

5741 

RA 

5806 

5793 

5969 

BU 

27 

5765 

5766 

A,  r 

5814 

5797 

BU 

5970 

BU 

28 

5785 

5787 

5821 

BU 

5803 

BU 

5972 

BU,  ra 

29 

5790 

5791 

5832 

BU 

5807 

BU 

5973 

30 

5794 

A 

5795 

5857 

5815 

BU 

5974 

31 

5798 

A 

5799 

5861 

5823 

BU 

5975 

32 

5804 

A 

5805 

BU 

5864 

5834 

BU,  ra 

5976 

33 

5810 

A 

5812 

BU 

5871 

BU 

5862 

5977 
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34 

5817 

A 

5820 

BU 

5878 

5873 

5981 

35 

5827 

A 

5830 

BU 

5882 

5881 

5988 

36 

5844 

5859 

5888 

5883 

5995 

au 

37 

5846 

5877 

5898 

BU 

5889 

5996 

BU 

38 

5855 

5887 

5902 

BU 

5894 

A 

5998 

39 

5856 

5891 

A 

5944 

5899 

BU 

6036 

40 

5866 

cx 

5897 

BU 

5950 

5903 

BU 

6039 

A 

41 

5870 

5901 

BU 

5932 

5965 

6070 

42 

5872 

cx 

5911 

CX 

5953 

5966 

6071 

43 

5874 

5918 

5955 

5967 

6076 

A 

44 

5875 

5927 

cx,  ra 

5958 

5971 

6090 

A 

45 

5876 

BU 

5937 

5959 

5980 

6095 

OT 

46 

5879 

BU 

5940 

RA 

5961 

5983 

cx 

6096 

ra 

47 

5880 

5941 

5963 

5991 

6120 

A 

48 

5884 

5942 

5982 

CX,a 

6046 

6141 

BU 

49 

5885 

5945 

6034 

6064 

6157 

BU 

50 

5886 

5946 

6074 

A 

6082 

A 

6158 

BU 

51 

5890 

CX 

5948 

6081 

CX,a 

6094 

CX 

6193 

BU 

52 

5896 

BU 

5979 

a 

6086 

6101 

a 

6203 

BU 

53 

5900 

5987 

a, r, ra 

6087 

A 

6117 

BU ,  a,  ra 

6206 

CX 

54 

5917 

5990 

a, r, ra 

6088 

CX,a 

6121 

6229 

A 

55 

5919 

CX 

5993 

ra 

6089 

A 

6122 

A ,  ra 

6244 

A 

56 

5926 

A 

5994 

A ,  ra 

6091 

a ,  r 

6123 

ra 

6272 

a 

57 

5933 

6000 

cx , a , ra 

6092 

RAra 

6140 

6374 

A 

58 

5935 

6001 

A 

6093 

OT 

6165 

CX 

6375 

A 

59 

6243 

a 

6006 

cx,  ra 

6097 

CX,a 

6166 

Aa  ,  ra 

6381 

60 

6271 

6008 

a,  r, ra 

6102 

CX,  ra 

6168 

A 

6386 

61 

6407 

6045 

ra 

6131 

6184 

CX,  ra 

6387 

BU 

62 

9001 

6129 

6139 

6189 

a  ra 

6655 

63 

9002 

6136 

OT 

6154 

r 

6192 

r 

6658 

64 

9101 

6138 

BU 

6155 

BU 

6200 

r 

6740 

a 

65 

9102 

6156 

6401 

6202 

ra 

9001 

66 

9103 

6400 

a 

644  5 

6210 

Aa ,  r 

9002 

67 

9001 

6653 

6212 

Aa ,  r 

9501 

68 

9201 

6656 

6402 

a ,  ra 

9502 

69 

9202 

6683 

6458 

9503 

70 

9203 

9001 

6733 

9801 

71 

9301 

9001 

72 

9302 

9402 

73 

9403 

74 

9404 

133 


Actual  Model 

Non  -  Scheduled  Reasons:  A  =  Aircraft  a  =  aircraft 

R  =  Radar  r  =  radar 

RA  =  Range  Area  ra  =  range  area 

OT  =  Other 


Canceled  Reasons;  BU  =  Backup  or  Alternate  Mission 

CX  =  Canceled  for  other  reasons 


WEEK  OF  10-14  FEB  1992 


FEB  10 

FEB  : 

11 

FEB  . 

12 

FEB  1 

3 

FEB  1 

4 

01 

5480 

BU 

5482 

BU 

5485 

BU 

5487 

BU 

5238 

02 

5494 

BU 

5496 

BU 

5497 

5498 

BU 

5488 

BU 

03 

5505 

5506 

5507 

BU 

5508 

5499 

BU,  ra 

04 

5518 

5519 

5520 

5521 

5509 

05 

5530 

BU 

5531 

BU 

5534 

BO 

5535 

BU 

5522 

BO 

06 

5542 

5543 

BU 

5544 

5545 

BU 

5536 

BU 

07 

5552 

5553 

5554 

5555 

5546 

BU 

08 

5606 

5607 

5608 

5609 

5556 

BU 

09 

5816 

5772 

CX 

5822 

5825 

5610 

10 

5867 

5818 

6150 

6003 

5826 

11 

6002 

5869 

6161 

6152 

BU 

6153 

BU 

12 

6144 

a 

6123 

RA 

6195 

6162 

BU 

6163 

BU 

13 

6159 

6134 

BU 

6228 

6231 

6251 

a 

14 

6194 

6146 

BU 

6233 

6235 

6256 

15 

6217 

BU 

6160 

BU 

6240 

6249 

6262 

16 

6222 

BU 

6219 

BU 

6248 

6255 

6282 

17 

6227 

6224 

BU,a 

6250 

R 

6261 

6283 

18 

6232 

6230 

a 

6254 

a 

6270 

RA 

6325 

a 

19 

6239 

6234 

6257 

RAra 

6280 

a 

6326 

20 

6246 

6238 

6260 

6281 

6327 

21 

6252 

6247 

6278 

6288 

6328 

BU 

22 

6258 

6253 

6279 

6292 

6329 

BU 

23 

6264 

R 

6259 

6287 

BU 

6296 

6330 

BU 

24 

6265 

6266 

a,  ra 

6291 

BU 

6300 

BU 

6331 

BU 

25 

6269 

6276 

RA 

6295 

BU 

6304 

BU 

6332 

BU 

26 

6274 

6277 

6299 

BU 

6308 

BU 

6333 

BU 

27 

6285 

6284 

6303 

6312 

BU 

6334 

BU 

28 

6289 

6286 

CD 

C 

6307 

6316 

BU 

6340 

BU 

29 

6293 

BU 

6290 

6311 

BU 

6320 

BU 

6349 

BU 

30 

6297 

BU 

6294 

BU 

6315 

BU 

6324 

BU,  ra 

6450 

BU 

31 

6301 

BU 

6298 

6319 

BU 

6338 

BU 

6495 

32 

6305 

BU 

6302 

BU 

6323 

BU 

6345 

BU 

6505 

33 

6309 

BU 

6306 

BU 

6337 

BU,ra 

6408 

6509 

34 

6313 

BU 

6310 

BU 

6344 

BU 

6471 

ra 

6516 

35 

6317 

BU 

6314 

BU 

6380 

A,  ra 

6476 

CX 

6527 

36 

6321 

BU  ,  ra 

6318 

6404 

6483 

A 

6536 

37 

6335 

BU,  ra 

6322 

6459 

6488 

A 

6540 

38 

6376 

6336 

6460 

6502 

6542 

39 

6377 

6383 

R 

6467 

6503 

6545 

40 

6403 

BU 

6405 

a 

6473 

r 

6507 

RA 

6549 

41 

6410 

6422 

6492 

A 

6511 

6551 

42 

6411 

6423 

6506 

6513 

RA 

6573 

43 

6412 

6424 

6510 

6514 

6592 

44 

6413 

6425 

6519 

6522 

6597 

45 

6414 

6426 

6521 

6526 

6628 

134 


46 

6415 

6427 

6523 

47 

6416 

RA 

6428 

6525 

48 

6417 

6429 

6529 

49 

6418 

RA 

6443 

6533 

50 

6419 

64  54 

6537 

51 

6420 

6455 

6543 

52 

6421 

6462 

Rr 

6546 

53 

6436 

6466 

6547 

54 

6437 

CX 

6468 

BU,  r 

6585 

55 

6438 

6470 

ra 

6590 

56 

6439 

6477 

Rr 

6595 

57 

6442 

6481 

CX 

6612 

58 

6453 

a 

6489 

ra 

6613 

59 

6463 

CX 

6501 

RAra, 

r  6614 

60 

6464 

a ,  ra 

6512 

a ,  ra 

6615 

61 

6465 

6532 

ra 

6616 

62 

6563 

6541 

r ,  ra 

6618 

63 

6565 

6558 

r ,  ra 

6619 

64 

6583 

a 

6564 

BU 

6620 

65 

6588 

6567 

6633 

66 

6593 

6568 

6639 

67 

6598 

6569 

BU 

6645 

68 

6600 

6570 

6646 

69 

6602 

6574 

a 

6649 

70 

6604 

6584 

6660 

71 

6606 

RA 

6589 

6671 

72 

6609 

6594 

a 

6684 

73 

6778 

6599 

6687 

74 

9001 

6601 

6688 

75 

9002 

6603 

6689 

76 

6605 

6690 

77 

6607 

6691 

78 

6610 

6694 

79 

6611 

6696 

80 

6711 

6709 

81 

6779 

82 

6900 

83 

7155 

84 

85 

86 

87 

r,  ra 

6530 

6629 

RA 

6531 

6630 

6534 

6631 

6535 

6661 

6539 

6673 

RA,  a  , 

6540 

a 

6678 

RA 

6550 

6680 

RAra 

6554 

6681 

6571 

6695 

A 

6586 

6699 

6591 

a 

6701 

6596 

6702 

r 

6617 

6710 

CX 

RA 

6621 

6732 

CX 

6622 

6735 

Rr ,  ra 

RA 

6624 

6736 

Rr ,  ra 

RA 

6625 

6745 

a 

6626 

6746 

6627 

6747 

BU,  r 

6659 

6748 

ra 

6664 

6766 

Rr,  RA 

r 

6672 

Rr, a, ra 

6767 

R,  RA 

CX,  ra 

6677 

6788 

r 

6679 

R 

6791 

CX,  ra 

CX,r 

6697 

OT 

6793 

CX,  ra 

a,r 

6698 

6804 

a 

A 

6700 

OT,r 

6808 

RA 

6712 

r 

6811 

BU,a 

6725 

6812 

CX,  r 

6731 

CX 

6814 

C^,  ra 

BU 

6738 

r 

7007 

CX 

6741 

7123 

CX,  ra 

6744 

A 

7152 

RA 

6749 

CX 

7263 

CX, r , ra 

6754 

A 

9501 

OT, r, ra 

6755 

BU,a 

RA,r 

6813 

r,  ra 

6961 

7052 

CX,  ra 

7333 

r 

9001 

9002 


135 


Actual 

.  ”1 

Model 

Non-Scheduled  Reasons: 

A 

=  Aircraft 

a  =  aircraft 

R 

=  Radar 

r  =  radar 

RA 

=  Range  Area 

ra  =  range  area 

OT 

=  Other 

i 

Canceled  Reasons : 

BU 

=  Backup  or  Alternate  Mission  i 

CX 

=  Canceled  for 

other  reasons  | 

! 

WEEK  OF  17-21  FEB  1992 


FEB 

18 

FEB  , 

19 

FEB 

20 

FEB 

21 

01 

5614 

5836 

5837 

5768 

02 

5835 

6132 

BU 

6005 

5838 

03 

6004 

6197 

6394 

R 

5999 

04 

6130 

BU 

6406 

6577 

6198 

05 

6267 

CX 

6717 

a 

6718 

a 

6728 

06 

6343 

BU 

6719 

6720 

6729 

a 

07 

6713 

6721 

6724 

a 

6730 

08 

6714 

RA 

6722 

6726 

a 

6760 

RA,  r 

09 

6715 

RA 

6723 

RA 

6759 

6764 

CX 

10 

6716 

6758 

6763 

ra 

6817 

11 

6727 

6762 

CX 

6784 

6829 

12 

6757 

CX 

6782 

6785 

6844 

13 

6761 

6783 

6795 

R ,  ra 

6848 

14 

6780 

6790 

R 

6796 

RAra, r 

6858 

15 

6781 

6815 

6816 

6862 

16 

6792 

6822 

a 

6828 

6863 

17 

6794 

R,  ra 

6842 

6843 

6867 

18 

6305 

Aa 

6846 

ra 

6847 

6870 

19 

6806 

a 

6861 

6857 

6879 

20 

6807 

CX 

6864 

6871 

6886 

R,a 

21 

6809 

BU 

6865 

6878 

6889 

r 

22 

6819 

6866 

6884 

a  ,  r , ra 

6894 

23 

6841 

6869 

RAra 

6888 

ra 

6895 

24 

6845 

6874 

6903 

6955 

a 

25 

6855 

a 

6877 

6906 

BU 

6969 

26 

6859 

R/  ra 

6896 

6909 

BU 

6978 

BU 

27 

6860 

RA 

6997 

6914 

BU 

6982 

BU 

28 

6868 

6902 

BU 

6915 

a 

6987 

29 

6875 

6905 

BU 

6919 

BU 

6992 

BU 

30 

6876 

6908 

BU 

6923 

6997 

a 

31 

6880 

6912 

BU 

6926 

6999 

32 

6881 

6918 

BU 

6929 

BU 

7005 

BU 

33 

6882 

6922 

6932 

BU 

7006 

BU 

34 

6898 

CX 

6925 

a 

6935 

BU ,  ra 

7014 

BO 

35 

6899 

6928 

BU 

6956 

7022 

36 

6901 

6931 

BU 

6968 

7054 

BU 

37 

6904 

6934 

BU 

6977 

BU 

7055 

BU 

38 

6907 

BU 

6950 

CX 

6981 

BU,  ra 

7056 

39 

6910 

6954 

r ,  ra 

6986 

BU 

7057 

BU 

40 

6911 

BU 

6963 

Rr ,  ra 

6990 

BU 

7058 

BU 

41 

6917 

BU 

6967 

6996 

7059 

CX 

42 

6921 

a 

6976 

ra 

7004 

BU 

7060 

BU 

43 

6924 

6980 

BU,  ra 

7013 

7061 

BU 

44 

6927 

BU 

6985 

7021 

7062 

BU 

45 

6930 

BU 

6989 

7024 

7063 

BO,  ra 

136 


46 

6933 

BU,  ra 

6991 

7030 

BU 

7065 

BU,  ra 

47 

6936 

6994 

7042 

ra 

7067 

BU 

48 

6937 

6995 

CX 

7043 

r ,  ra 

7068 

BU 

49 

6938 

6998 

7046 

BU 

7072 

BU 

50 

6939 

CX,  r 

7001 

7048 

BU 

7121 

51 

6941 

CX,  r 

7002 

CX,  ra 

7050 

BU 

7122 

52 

6942 

r 

7003 

BU 

7124 

7161 

53 

6943 

A,  ra 

7008 

BU 

7130 

7190 

54 

6945 

BU 

7011 

BU 

7131 

7191 

r 

55 

6949 

r 

7016 

BU 

7132 

BU 

7192 

RA 

56 

6962 

7018 

BU 

7134 

7197 

57 

6966 

BU 

7020 

7137 

7199 

58 

6974 

7023 

714  0 

7200 

59 

6979 

BU 

7027 

CX 

7261 

BtJ,ar, 

ra7201 

ra 

U'J 

6984 

BU 

7040 

ra 

7444 

A 

7203 

BU 

61 

6993 

7041 

r 

7449 

CX,ra 

7207 

62 

7000 

a 

7045 

CX 

7571 

7208 

63 

7009 

7049 

7665 

7262 

RA 

64 

7019 

BU 

7051 

BU,a 

7666 

7450 

A,  ra 

65 

7265 

7053 

7667 

7605 

BU,  a 

66 

7281 

7064 

CX,  r 

7669 

7614 

RA 

67 

9001 

a 

7069 

CX 

7670 

7663 

a 

68 

9201 

7071 

7718 

7705 

RA 

69 

7135 

CX 

7754 

7706 

70 

7156 

9001 

a 

9001 

ra 

71 

7407 

9401 

9501 

72 

7548 

9907 

73 

7560 

74 

7562 

75 

7568 

76 

7594 

77 

9002 

78 

9003 

79 

9004 

80 

9301 

81 

9302 

137 


Appendix  H:  Comparison  of  Actual  Versus  Modeled  Results 
Using  Reduced  Test  Mission  Data  Sets 


The  following  weekly  listings  of  TW  missions  are 
presented  by  mission  number  with  codes  identifying  only 
missions  that  were  non -scheduled .  These  listings  exclude 
missions  that  were  canceled  for  any  reason. 


Actual 

Model 

Non-Scheduled  Reasons:  A  =  Aircraft 

a  =  aircraft 

R  =  Radar 

r  =  radar 

RA  =  Range  Area 

ra  =  range  area  ! 

OT  =  Other 

1 

( 

WEEK  OF  03-07  FEB  1992 


FEB  1 

03 

FEB  1 

04 

FEB  1 

05 

FEB  06 

FEB 

07 

01 

5278 

5279 

5281 

5282 

5022 

02 

5399 

ra 

5400 

5402 

5404 

5283 

03 

5406 

5412 

RA 

5417 

ra 

5426 

5405 

04 

5407 

5413 

5419 

5428 

5435 

05 

5408 

5414 

5421 

5431 

5436 

06 

5411 

5415 

RA 

5424 

5433 

5551 

07 

5500 

5476 

5502 

5434 

5603 

08 

5513 

5490 

5515 

5478 

5647 

09 

5524 

A 

5514 

5539 

5503 

5652 

10 

5537 

5538 

5601 

5516 

5657 

11 

5547 

5548 

5645 

a 

5528 

5760 

12 

5593 

5600 

5650 

5540 

5763 

13 

5599 

5639 

5655 

a 

5550 

5947 

14 

5636 

a 

5640 

R 

5658 

5602 

5973 

15 

5637 

5641 

R,  RA 

5659 

RA.,  ra 

5646 

5974 

16 

5643 

5642 

R,  RA 

5696 

5651 

5975 

17 

5648 

5644 

5788 

5656 

5976 

18 

5653 

5649 

a 

5792 

5758 

5977 

19 

5724 

5654 

5806 

5762 

5981 

20 

5727 

5664 

5814 

5789 

5988 

21 

5731 

5728 

5857 

5793 

5998 

22 

5742 

5733 

5861 

5862 

6036 

23 

5751 

A 

5741 

RA 

5864 

5873 

6039 

A 

24 

5753 

A 

5766 

A 

5878 

5881 

6070 

25 

5765 

5787 

5882 

5883 

6071 

26 

5785 

5791 

5888 

5889 

6076 

A 

27 

5790 

5795 

5944 

5894  A 

6090 

A 

28 

5794 

A 

5^99 

5950 

5965 

6095 

OT 

29 

5798 

A 

5859 

5952 

5966 

6096 

30 

5804 

A 

5877 

5953 

5967 

6120 

A 

31 

5810 

A 

5887 

5955 

5971 

6229 

A 

32 

5817 

A 

5891 

A 

5958 

5980 

6244 

A 

33 

5827 

A 

5918 

5959 

5991  r 

6272 

a 

34 

5844 

5937 

5961 

6046 

6374 

A 

138 


35 

5846 

5940 

RA 

5963 

6064 

6375 

36 

5855 

5941 

6034 

6082 

A,  r 

63  81 

37 

5856 

5942 

6074 

A 

6101 

6386 

36 

5870 

5945 

6086 

6121 

6655 

35 

5874 

5946 

6087 

A 

6122 

A ,  r 

66‘^f' 

40 

5875 

5948 

6089 

Aa ,  ra 

6128 

a ,  r 

6  ,  to 

41 

5880 

5979 

6091 

6140 

9001 

42 

5884 

5987 

r ,  ra 

6092 

RA 

6166 

Ad .  ra 

9002 

43 

5885 

5990 

6093 

OT 

6168 

A 

9501 

44 

5886 

5993 

6131 

6189 

a  /  ra 

9502 

45 

5500 

5994 

A 

6139 

r 

6192 

9503 

46 

5917 

6001 

A 

6154 

6200 

ra 

9801 

47 

5926  A 

6008 

r ,  ra 

6401 

6202 

ra 

48 

5933 

6045 

ra 

6445 

6210 

Aa 

49 

5935 

6129 

a 

6653 

6212 

Aa ,  r 

50 

6243 

6136 

OT 

6656 

6402 

a 

51 

6271 

6156 

6683 

6458 

52 

6407 

6400 

a ,  ra 

9001 

6733 

53 

9001 

9001 

9301 

9001 

54 

9002 

9201 

9302 

9402 

55 

9101 

9202 

9403 

56 

9102 

9203 

9404 

57  9103 


139 


Actua 1 

Mode  1  li 

Non -Scheduled  E<ea''ons:  A 

=  Aircraft 

a 

aircraft  r 

R 

=  Radar 

r 

radar 

RA 

Range  Area 

ra 

=  range  area  ;i 

OT 

==  Other 

i: 

WEEK  OF  10-14  FEB  1992 


FEB  10 

FEB  i: 

L 

FEB  : 

12 

FEB 

13 

FEB  1 

4 

01 

5505 

5506 

5497 

5508 

3239 

02 

5518 

5519 

5520 

5521 

5509 

03 

5542 

5553 

5544 

65' 

5610 

04 

5552 

5607 

5554 

5/  j9 

5826 

05 

5606 

5818 

5608 

5325 

6153 

06 

5816 

5869 

5822 

6003 

6251 

07 

5867 

6123 

RA 

ol50 

6231 

6256 

08 

6002 

6230 

6161 

6235 

62o2 

09 

6144 

a 

6234 

6195 

6249 

6282 

10 

6159 

6238 

6228 

6255 

6283 

11 

6194 

6247 

6233 

6261 

6325 

12 

6227 

6253 

6240 

6270 

RAra 

6326 

13 

6232 

6259 

6248 

6280 

6327 

14 

6239 

6266 

6250 

R 

6281 

6495 

15 

6246 

6276 

RA 

6254 

6288 

6505 

16 

6252 

6277 

6257 

RA 

6292 

6509 

17 

6258 

6284 

6260 

6296 

6516 

18 

6264 

R 

6290 

6278 

6408 

6527 

19 

6265 

4 

6298 

6279 

6471 

6536 

20 

6269 

6318 

6303 

6483 

A 

6540 

21 

6274 

6322 

6307 

6488 

A 

6542 

22 

6285 

6336 

a 

6380 

A 

6502 

6545 

23 

6289 

6383 

R 

6404 

6503 

6549 

24 

6376 

6405 

a 

6459 

6507 

RA 

6551 

25 

6377 

6422 

6460 

6511 

6573 

26 

6410 

6423 

6467 

6513 

RA 

6592 

27 

o411 

6424 

6473 

6514 

6597 

28 

6412 

6425 

6492 

A 

6522 

6628 

29 

6413 

6426 

6506 

6526 

6629 

30 

6414 

6427 

6510 

6530 

6630 

31 

6415 

6428 

6519 

6531 

6631 

32 

6416 

RA 

6429 

6521 

6534 

6661 

a ,  ra 

33 

6417 

6443 

6523 

6535 

6673 

RA 

34 

6418 

RA 

6454 

6525 

RA 

6539 

6678 

RA 

35 

6419 

6455 

6529 

6548 

a 

6680 

RA 

36 

6420 

6462 

Rr 

6533 

6550 

6681 

37 

6421 

6466 

6537 

6554 

6695 

A 

33 

6436 

6470 

ra 

6543 

6571 

6699 

39 

6438 

6477 

R 

6546 

6586 

6701 

ra 

40 

6439 

6489 

6547 

6591 

a 

6702 

41 

6442 

6501 

RAra 

6585 

6596 

6735 

R ,  ra 

42 

6453 

a 

6512 

6590 

6617 

6736 

R 

43 

6464 

a 

6532 

ra 

6595 

6621 

6745 

44 

6465 

6541 

r  ^  ra 

6612 

6622 

6746 

45 

6563 

6558 

r ,  ra 

6613 

6624 

6747 

46 

6565 

6567 

6614 

RA 

6625 

6748 

ra 

47 

6583 

6568 

ra 

6615 

6626 

6766 

R,RA 

48 

6588 

6570 

6616 

RA 

6627 

6767 

R,  RA 

49 

6593 

65/4 

a 

6618 

RA 

6659 

6788 
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50 

6598 

6584 

6619 

6664 

6804 

51 

6600 

6589 

6620 

6672 

Rr ,  a 

6808 

RA 

52 

6602 

6594 

6639 

6677 

6811 

5  3 

6  60  4 

6599 

6645 

6679 

R,  ra 

7007 

a 

54 

6606  RA 

6601 

6649 

6697 

OT 

7152 

RA 

55 

6609 

6603 

6671  ra 

6698 

7263 

56 

6778 

6605 

6684  A 

6700 

OT 

9501 

a 

57 

9001 

6607 

6687 

6712 

r 

58 

9002 

6610 

6689 

6725 

59 

6611 

6694 

6738 

r 

60 

6711 

6696 

6741 

61 

6779  OT,r, 

ra  6744 

A 

62 

6900  RA 

6754 

A 

63 

7155 

6813 

64 

6961 

65 

7333 

6  6 

9001 

67 

9002 
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Actual 

Mode  1 

Non  -  Scheduled  Reasons: 

A 

-  Aircraft 

a  "  aircraft 

R 

=  Radar 

r  ■=  radar 

RA 

Range  Area 

ra  =■  range  ate 

OT 

Other 

WEEK  OF  17-21  FEB  1992 


FEB  1 

8 

FEB  1 

9 

FEB  : 

20 

FEB  : 

21 

01 

5614 

5836 

5837 

5768 

02 

5835 

6197 

6005 

5838 

03 

6004 

6406 

6394 

R 

5999 

04 

6713 

a 

6717 

6577 

6198 

05 

6714 

RA 

6719 

6718 

a 

6728 

06 

6715 

RA 

6721 

6720 

6729 

07 

6716 

6722 

6724 

6730 

08 

6727 

6723 

RA 

6726 

67  60 

RA 

09 

6761 

6758 

6759 

6817 

10 

6780 

6782 

6763 

6829 

11 

6781 

6783 

6784 

6844 

12 

6792 

6790 

R 

6785 

6848 

13 

6794 

R 

6815 

6795 

R 

6858 

14 

6805 

A 

6822 

a 

6796 

RA 

6862 

15 

6806 

a 

6842 

6816 

6863 

16 

6819 

6846 

6828 

6867 

17 

6841 

6861 

6843 

6870 

18 

6845 

6864 

6847 

6879 

19 

6855 

6065 

6857 

6886 

R 

20 

6859 

R 

6866 

6871 

6889 

21 

6860 

RA 

6869 

RAra 

6878 

6894 

22 

6668 

6874 

6804 

ra 

6895 

23 

6875 

6877 

6888 

ra 

6955 

24 

6876 

6896 

6903 

6969 

25 

6880 

6997 

6915 

a 

6987 

2  6 

6881 

6922 

6923 

6997 

a 

27 

6882 

6925 

a 

6926 

6999 

28 

6899 

6954 

6956 

7022 

29 

6901 

6963 

R 

6968 

7056 

30 

6904 

6967 

6996 

7121 

31 

6910 

6976 

7013 

7122 

32 

6921 

6985 

7021 

7161 

33 

6924 

6989 

70-^4 

7190 

34 

6936 

6991 

7042 

r ,  ra 

7191 

r 

3  5 

6937 

69  94 

7043 

r,  ra 

7192 

RA,  r 

36 

6938 

6998 

7124 

7197 

37 

6942 

7001 

7130 

7199 

38 

6943 

A 

7020 

7131 

7200 

39 

6949 

r 

7023 

7134 

7201 

40 

6962 

a 

7040 

r ,  ra 

7137 

r ,  ra 

7207 

41 

6974 

7041 

r 

7140 

7208 

r ,  ra 

42 

6993 

7049 

7444 

A 

7262 

RA 

43 

7000 

7053 

7571 

7450 

A,  ra 

44 

7009 

7071 

7665 

7614 

RA 

45 

7265 

7156 

7666 

7663 

a 

46 

7281 

7407 

7667 

7705 

RA 

47 

9001 

a 

7548 

7669 

7706 

48 

9201 

7560 

7670 

9001 

49 

7562 

7718 

9501 
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9907 


50 

7568 

7754 

51 

7594 

9001 

52 

9002 

9401 

53 

9003 

54 

9004 

55 

9301 

56 

9302 
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